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Sau khi cho ra doi hai cudn sach Cd hoc 1va Co hoc 2 .
trong bd sach Béi dudng hoc sinh gidi Vat Ii Trung hoc ph8
" théng, tac gid nhan thdy can thiét phai ra thém cubn sach
Co hoc 3 nhim b8 sung vé Ii thuyét va bai tap cho séat véi cac
" nodi dung thi hoc sinh gidi cdp Qudc gia va Qudc té trong
nhitng nam gan day vé phén Cgd hoc. Cudn sach gém céc chl
dé sau day : | '

1. Thanh Ea;:: cong thic tlnh van toc va g|a toc tuong déi clia
mot chat diém trong hé quy chiéu vira tinh tién vifa quay. Luc li
tam va luc Co-ri-6-lit-

2. H'é toa dd cufc va cac bai toan Ké-ple
3. Chuy&n dong phang cla vat ran
4. Tinh hoc. Phuong phap cong ao

5. Chuyén dong clia vat rdn c6 mét diém c6 dinh. Cong thic
cdng van téc géc. Con quay |

6. Dao dong cd

£ Khéhg gian.pha. Qu{ dao pha. Céac bat bién doan nhiét
8. Séng co |

9. Thuyet tuang doi hep

Tac gia hi vong cudn sach Co hoc 3 sé dap lng dugdc
nguyén vong clia nhing hoc sinh hoc glul mon Vat li trnng toan
qudc, giup cac em chuén bi tét cho cac ki'thi hoc sinh gidi cap
Quéc gia va Qudc té.



Ngoai ra, tac gia cling hi vong cudn sach nay sé la tai liéu bé
ich cho cac giao vién day doi tuyén hoc sinh gidi Vat If clia cac
tinh va clia cac trudng dai hoc, cling nhu cho céac sinh vién 16p
cu nhén tai néng cla cac trudng dai hoc Su pham

| Nha xuat ban Giao duc xin grm thiéu cudn sach Co hoc 3 véi
* ban doc. Moi y kién g6p ¥ cho cudn sach xin gii v& Ban Vat Ii -
' Céng ty c8 phan Dich vy xuét ban Giao duc Ha Néi - Nha xuat
ban Giao duc Viét Nam, tang 4, toa nhé Dlamcﬂd Flower, su 48
-‘Le Van Lu’crng Ha Noi. ‘

Téc gia



" Chaael
THANH LAP CONG THU'c TINH wm T6c: VA
GIA TOC TUONG POI CUA Mé'r CHAT BI]:M

- TRONG HE QUY CHIEU VUA TINH TIEN
VUA QUAY. LUC LI TAM VA LUC CO-RI-O-LIT

1‘-?

I—- THANH LAP CONG THUC TINH VAN TOC TUGNG POI
1. Van téc tuyét doi '
e G@i i va 3 I cdc vecto don vi trén
cdc truc toa do cia hé quy chiéu (HQC) -
ditng yén O. Vi trf chia chét diém (hay hat)
" M trong HQC O dugc xéc dinh bing :

OM =7 =xi +yj (HinhL1) -

e Goi X =fl£ 5*:51-2[—, van téc
dt dt
tuyét d6i clia chit diém la
.I T - - X
dt Hink 1.1

2. Van toc tuong doi

¢ Goi i'va ']' 14 cdc vecto don vi trén cdc truc toa do cia HQC chuyén dﬂng O,
Twong tu nhu trén, vi trf ctia chat diém M tmng HQC O' dugc xéc dinh bang :*

OM=7"=x1 +y_1

]

- i dO'M ’ d i i - - ‘g ¥ -. & . | -
e Goi v'= Idt 12 van t6c twong ddi cua chat diém M doi véi HQC O'.
Trong HQC O thi cic vecto don vi i' vA 4 §' 1a cdc vecto khong ddi, nén ta c6 :
= {i?r 4 t T 5
T LYV b
Sa Yl ) (b



3. Moi lién hé giira van tdc titong d6i va van toc tuyét déi

Tmng trudmg hdp tong quét HQC O' vira chuyén dong tinh tién vita quay
quanh O', nén cdc vecto don vi it va § cing thay déi vé hudng d6i véi HQC O. .
Vi thé doi véi HQC Otaco: - : =

OM = 00'+0'M
—(OM) = —(00") + —(x'i+ y'j’
4O = 400+ Ty Ty

e

~dE(00)+{x1+y])+(X fit +¥—-) (C}

Vi céc vecto don vi 1 va ] I‘a céc vecto quay, tacé:
dit - = _di o .
t
' Thay vao (c), ta duoc :
= _(OO V7' + DA X'+ v'i)
- Cudi ciing ta dugc cong thike lién hé gilia van téc tuong dsi va van toc tuyét dai

¥=¥’+{d(3to) +cT}A?'J . (1.1a)

hay ﬁ‘z?m[d(oo)

73 +(a'm‘f')] o (1.1b)

4. Van toc kéo theo

S6 hang thir hai trong cﬁng thire (1.1a) va (1.1b) duge goi 1a van toc kéo theo
(ki higula v,,).

. _d00Yy . .,
Vi = +OAT
dt
Van toc kéo theo bao gom vdn téc tinh tién ciia HQC O’ va van toc dai tai

diém ciia HOC O' ma chdt diém M dang c6 mdt do c6 chuyén d&ng quay cia
HOC 0.

6
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{I - THANH LAP.CONG THUC TINH GIA TOC TUONG D01

1. Gia téc tuyét doi va gia toc tuong doi

Gia t6c cia chat di€ém xét trong HQC O 131 gia tdc tuyét doi.

L dv
a=-—
dt LA
 Gia t6c cia chét diém xét trong HQC O'1a gia 6 twong d6i.
e 3 dj_i"“ A | ‘
a'=—=—(X ST
T dt( y 1)

| Trong HQC o) thi cdc vecto dun vi i'va _1 khong déi huérng, do détacé:
ars X1 y' ; . | | | - (d)
2. Méi lién hé giita gia toc tuyét doi va gia toc tuong dei

Trong HQC O thi céc vecto don vi iva ' 1a cdc vecto thay déi vé hudng,
do d6 ta viét lai (1.1a) nhu sau : |

Lood e o dz(OO}

i [m AT+ 3’*1*)] (e)

a=—x"1"+y'j)+
g I
trong do :
a—t(x1+y1)-{x1+yJ}+mn(x1+yJ) a'+ @AV
i[fﬁn(}c‘,"‘f'+y‘.}')1= @n? +mai(x1+y]*)+mz\r]
dt : dt
dm
— AT +mnu+mh(mnr}
Tt
Thay vao (e) ta dugc .
42
a= E+E—(OO)+G}A{U}K\1‘}+TK\I‘+2{E£}AV) (1.3)
t

it



3. Gia téc kéo theo

Gia tSc kéo theo @, bao gém gia t6¢ tinh tién, gm toc hmmg tam va gia toc
ti€p tuyén tai diém ctia HQC O’ ma chét diém c6 mit.

2 e 0
Iﬁkr:di—(OO}+mn(mAr}+ynr (1.4)
£ _

4. Gia toc Co-ri-o-lit

- Gia t6c Co-ri-o-lit (@.) xudt hlén khi chﬁft drém ¢ vén téc tuong dﬁﬁ V' doi
- vo1 HQC quay 0", | ' ' , .

B =2@AV) * e v, (RED S

[ - LUC QUAN TINH KEO THEO VA LUC QUAN TINH CO-RI-O-LIT
1. Ta viét lai cong thitc (I'.3) thanh :

=3 §

a

—r

tuomg d6i — atuyﬁt dsi t Ty

" 2. Dinh luat IT Niu-ton dp dung cho HQC chuyén dﬁng 0’ duge viét nhu sau

ma' = md - mad,, — ma,

ma' = ZFthu-c + thkéo s+ Bg 70 N . (1.6)

3. Luc quén tinh kén theo :

th kéo theo = _m[

4. Luc quan tinh Co-ri-0-lit (g0 tét 12 lyc Co-ri-6-1it) -
| Ec = -—211'1(65_5 V'

IV - CAC TRUONG HOP PAC BIET |
1. Chiélt diém chuyénl dong trong HQC O' chuyén dong tinh tién c6 gia téc.

mﬁ" - zpthm; o mEHQC o'



2. Chat diém déing yén trong HQC quay déu quanh mét truc c6 dinh.
Z?"ﬂm + Fi tam_ = 0 | .
3. Chét diém chuy;én dong trong HQC quay déu.
| m&i‘ = Zﬁh.,m +PiopgtHe <

V- BAITAP 7

L1, Mot dua tré ngdi 0 mat dét, canh mdt sin quay cua tro choi ngua gﬁ chay :
vong. bai v6i HQC gin v6i san quay thi: -

a) Chuyén dong clia dita tré 12 g1 ?

b) G:a tﬁc ciandlagi?.

¢) Céc luc nao tham gla gly ra gia téc éy 2 ‘Je gidn d6 vecto lu'c tdc dung VAo
dia tré. . .

BS :¢) Luc li tam va iuc Co-ri-0-lt.
-1.2. Mot con song chay vé phia nam, gifta hai bor c6 bé rong la L, & vi ctf: bac A.
a) Muc nuéc & by ndocaohon? '
b) Lap cong thu'c: tinh do chénh léch vé chléu cao muc nudc giita hai bo.
" ¢) Ap dung bang $6.! van toc dong chdy v = 8 km/h, & = 30°, L 3,2 km
g=98 me ' |

DS by = 2OV R s 5 i
: _

'1.3. a)-Hay giai thich tai sao khi roi ty do, mot vat lai b lech di vé phia dong
(so v&i phuong day roi).
b) Lap cong thiic tinh d¢ léch vé phia dong clia mot vat roi tu do tir d6 cao h &
vi do A.

¢) Ap dung béng & : h = 68 m, A = 48"51".

3

1

8h” |2 '

DS :b)Doléchx = On MCOSA ; ¢) X = 8 mm.
: “8 _



1.4. Mot médy bay bay qua cuc Bic clia Trai Dit va tiép tuc bay vé phia nam doc
theo mot dudng kinh tuyén véi toc do khﬁmg doi v = 900 km/h. Hay tinh gbc
hop bdi mot day roi treo tu do trong may bay va ban kinh vecto tinh tir tam

~ Trai Déttéi méy bay : +

a) Tai Bic Cite,
'b) Tai xich dao.
¢) Tai vido 45°bdc. | e B
© DS :2)021%; b)0°; ¢)0,18°

1.5. Nguoi ta ddy 'mot chiéc be ra khoi by
song bing cdch truyén cho né mot van
téc ¢6 do 16n bing 0,3 m/s so v6i bo.
Doan dau clha quy dao dugc chi trén
Hinh 1.2.

-Hoi dén cudi dlIU‘Hg thi b& & cidch bd
bao xa ? :

Cho biét lic can ¢ 1& v6i van t6c tuong
déi caa beé so-vdi dong nude va van tdc
ctia dong nude 14 0,3 m/s. o

DS ~112m.

05 1152 ”x
i Ba song

Hink 1.2

1 6 Mot 6 t6 chuyén dong déu trén mot
doan dudng thing. Mot 6.6 khic vy, o)
chuyén dong déu trén mot cung tron,
bén kinh R = 200 m. D¢ thi (Hinh 1.3)
biéu dién su phu thuoc eha do l6n 407
¢ha van téc twong déi gitta hai xe vao 307

- thoi gian. Hay tinh van t6ccha mbi 6~ 20}
td va cho biét dang clia dudng cong 10§
trén doé thi,

501

— ! v I ' =
O 5 101520 25 30 35 U

DS : vy =v,y =20 m/s. Dudng hinh sin, Hinh 1.3

10



Chua aé 2
HE TOA DO CUC VA CAC BAI TOAN KE-PLE
I-HE TOA PO cyc

1.Vitriciahat P(Hinh 2.1) .~ 3

e

o} it Hudng ngang
a) PO, r . :

| ) EE.D ' ' clkmng. p Hudng xuyén tdm

b) Cic vecto don'vila € va € ' duong

lién két v6i céc hudng chuyén dtjmg"
xuyén tdm va ngang cua hat P.

. ) 0 —
¢) OP =7 =18, (2.1) ' :

Hinh 2.1

2. Van téc ciia hat P (Hinh 2.2)

3 T
T

d7 = dré, + rd6g,

.
gt T gl .
dt dt*-
‘ ‘__,2 . . , Hinh 2.2
B e .{E - B - El_ﬂ " ;
dt dt "
Ta duoc : V=18 + r@é'@ : ' (2.2)
'bj Tu(2.1)suyra: - |
I . d = N,
= —(1é. ) = e, +r1r——
v dt( 1‘)_ T t
- So sdnh véi (2.2) tasuy ra :
& . - .
—L = Qe a "
o dt B (@)

11



Tir (a) ta suy ra :

— = -fE_ . : A b
dt & e E ; (b)

(Xem Hinh 2.3a va 2.3b)

3. Gia t6c ciia hat P
& 'dﬁ d oo ode e
a) da =—=—(re.)+—(rbe
) P r) dt.( o)
i M . o owe o aidBy
= te, + r—= + rfe, + rfe, + rf—=
g dt 0 9 dt

K&t hop véi (a) va (b) ta duge : -

-, a=0- IrE'}g)'e'r' + (B + 210)8, {2_3}' |
b) Trong truong luc xuyén tam khﬁﬁfg:cé th‘anh. phén gia t6c theo hudng ngang :
i=G-0hE | i
r+2i0 =0

.

II - BAI TOAN KE-PLE |

Céc bai todn Ké-ple xét chuyén dong ciia mot hat c6 khoi lugng m trong
trudng luc xuyén tam ctia mot hat khdc va luc xuyén tam c6 thé 12 luc hit hodc luc
ddy nhu trudng hop luc Cu-long. Trong pham vi bai ndy ta chi xét luc xuyeén tam
1a lyc hap dén gay ra bdi mot vt c6 khdi lugng M >> m.

12



1. Lare hip dan -
= GMm_. K

a) F = - 2 €, = —Hrz €, (2.5a)
: K = GMm :
. b) Dinh luat II Niu-ton dp dung cho luc xuyén tém ducrc Viét trung h& tﬂa do-
‘cyc nhusau: _ - |
Fg = m( - e | ; (2+6)
B+ 210 = 0 I.

2. Dinh luat bio toan momen dong luong. Dinh luat I Ké-ple

28 ALG

M :-—25
0T T
= Lo=FfAmv=C"

L'y = 8, wmGe + 108, =

Lo = n;lrzéﬁ'é:"r A &) = mr’8e, = C*°
Lo=L,=mr e =C*- | @27

G{g.i % 1a téc do quét dién .t';'ch cﬁ; v&ch tia T (Hinh 2;45 ) -

dS 1 12 d_El _ u_.]:'._ - e
dat 2 dt 2m
Day 14 biéu thiic todn hoc ctia dinh luat IT Ké-ple.

3. Pinh luat hau toan co nﬁng

a) Thé ndng cua hat

Gm E 14 co nang cua hat, E 14 thé nang ciia hat.
Ta dd biét |

dA = F.df = ~dE, |

13
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Suyra: B, = —— (Wi Ee) = 0)

b) Vi F 1 Iuc thé nén co naﬁg_bfxa hat duoc bao toan :

E=—mv?-==C*% (2.8a)

' Tmng hé toa dﬁ cue, co néng duqc vie’t'nhly Sﬁﬁ 5
E= L@+ P B e - (2.8b)
4. Phuong trinh quy da’u..Cﬁng thitc Bi-né (Binet). Pinh luﬁt I Ké-ple
| 1

pé lap phuon g trinh clia quy dao, cach t6t nhat 1a ding bién s6 m&i A : u = % N

a) Cong thitc Bi-né

Cong thitc Bi-né -::hn cdc biéu thic cha van toc va gta t6c cua hat P theo cédc
bién s6 1a u va 6. Cdch thanh 1ap cong thitc nay nhu sau : '

-TL‘IL.=mr 6 =C®tasuyra:
k.. Eow o5 £

f=—r="u varﬁ—*—u. ' :
n’l;‘2 m m @
Pt ir—-@ .Kéth Gi (a) ta dug
B d Gpv a) ta duoc :
:f:£+_1:‘_u2
dd m
d. y . 1 d
o Matkhdo i — =~ = i D

do  de u? do

14



Thay vao ta dugce :

_Ldu

m df
Thay (a) va (b) vao cong thitc (2.2) ta duoc

a—

'm
Ldi dr . :
% I.‘:d_::a%e,l{g[:hgpvﬁi (a)w,iﬁ'(_b} ta duoc: |
! d(- L du}L s I¥ s d?u
r=s—f————|—in ==——Uu —
d6\ m'dé/m . m? 6’
e Tir(a)suyra: '10° = —u
i m *

" ‘Thay (c) va (d) vao cong thic (2.4) ta dugc :

% o T [dzu J'_.-
a=— +uie

i

- Céc cong thifc (2.9) va (2.10) dugc goi 1a cong thiic Bi-ne.

Duya vao cong thiic Bi-né ta tim biéu thitc clia co nang theo u va 0. .

. 43 2 S
=_L__[d_u) +u? |- Ku
2m |\ d6 /) _ '

b) Ldp phuong trink quy dao
Ap dung cong thic Bi-né vio dinh lugt I1 Niu-ton ta viét :

a 1202 ( 42 _
F=mi = -Ku® = - u[du+ ]

e u
m (de?

S d%u -.I-Iu mK

UV ra. ——= K T ——

Y e 12

dz[ mK}' [ mK]

Hay: —|u—-——|+|0——| =0

P48 17 12

(b)

09

(c)

@

(2.10)

(2.11)

15



Nghiém ciia phuong trinh hhy la:

u _mL_i{# Acos(8 — 8,) (v6iw= 1)
o 2

Dit:p= L—K_vﬁe:pﬁ, tach:
m - E

l—i;Acas‘(meﬂ) |
P o

P
I+ecc}s(ﬂ 90]

Suyra:r= (2.12)
thmg trinh (2.12) Ia phu-:mg trinh qu¥ dac} ctia hat trong hé toa do cuc. Ncﬁ cho
biét qu§ dao 1a mot duomg conic ma géc O 1a mot tieu diém, p 13 théng sé “clia quy
dao va e 1 1dm sai ctia quy dao. Pai luogng p c6 don vi cia d6 dai, con e khong c6
don.vi. Thong s6 p phu thudc vao L con tam sai e thi phu thude ca vao L va E.

That vay, tir phuong trinh (2.12) ta suy ra biéu thic ciia u va j—: :

e B ecos(0—8y) ~du -—esin(0 - 6;,)

p ST p
* Thay viio (2.11) ta duoc : |
5
E = [1 +e? + 2cos(0 — E}n}} - —(1 + ecos(B — Bﬂ} = H{e. - 1)
' Emp P
Suyra:e= 1+2§E | | | (2.13)

e Néu e < 1 hay E < 0 thi quy dao 1a elip.
o Néu e = [ hay E= 0 thi quy dao 1a parabol.
" e Néue> 1 hay E > 0 thi qu§ dao la hypebol

Pinh luat [ Ké-ple roi vio trudng hop E = — F};{m
; : &

<0Ohaye<1

16



¢) Quy dao elip, | P

Theo (2.12) tacod : | /'_\
| VD ¢ Yop
wilB g% W . F; O X
Tmin = VaTpay = i
I+ e l—e

\/

o Néu chon truc Ox huéng vé cin di€ém : 'Hf;;h';ir 5=
" (CP) thi tai can diém ta c6 O =0 var =r1;, -
(Hinh 2.5). - ; :
Theo phuong trinh (2.12) ta suy ra 6, =0'va phﬁdﬂg trinh (2. 12) dﬁqc vié'; thanh:
| b B , o
e 1+ ecosH s -' '
B )
~ & Néu chon truc Ox hudng vé vién diém O=F, Ey X
thi tai vién diém ta c6 6 = 0 VA r = Ty, ”
(Hinh 2.6). g -  Hinh 2.6

Theo phuong trinh (2.12) ta suy ra 6 = mva phuong trinh (2.12) duge viét
thanh : S fur

= oP
"~ 1-ecosB |
- = B . S~
e Xét vé phuong dién hinh hoc, moi elip . i A

dugc dic tring bing ba dai lugng : a la ban

i
s L AI : B : F L
‘truc 16n, b 12 ban truc nhd, ¢ = O;F; = O|F, - Q ¢ F A
(Hinh 2.7). Ta hay tim méi lién he gitta-a, b, ¢ | o ' :

vdipvae.,

P + P " Hinh 2.7
l+e 1-e

2a= Tinin Flnax =

Suy ra ! b: a(1 —eg}

Néu tam cha luc dat tai F va xét diém P tai dinh-cia bén truc nho, tacé :
BF, % BF, =2a=> BF, =BF, =2

a(l - e?) .

1 —ecosB

Sujm*a:f::{:-sa=ehﬂyr_‘,=ﬁ;av£‘1b='en;J'l-mtf':2

AT =

' 2.BD..COHQC3IA ; - ; 17_



d) Dinh ludt 111 Ké-ple

Tir cong thic tinh t6c'do quét dién tich L ta suy ra:

dt Efn_

srivei 8

dsS = — |dt
é[ Zmé[

trong d6 T 12 chu ki chuyén dong ciia hat m con S Ia dién tich ciia elip.

ViS=nmabnéntacé: y

nab = -LT
: - 2m )
: na’yl —e? = --I-J-T
. 2m
o 12
B e ey —L_ETZ
=4m'
L .. )
Vip= — =a(l —¢”) nén ta duoc :
- mK i - :

23  KT? OMT?
na = =

4m 4
25 GM

e¢) Néu luc xuyén tam la luc ddy nhu lyc Cu-léng gifta hai dién tich ciing
d4u thi ta chi viéc thay K bang —K vio cdc cong thic (2.5a) va (2.8a) va-duoc
cdc cong thuc sau : '

= ‘K
E= —I—mv‘? +E = C°
2 r |
~ Ovo cung, thé nang E, =0, ¢on dong nang B?ing —;-m_vg , nén ta viét :
1 .g K 1 2 ' 3
E=— +—=—mvy >0 2.
5 TV ..zmvu( ). ( 8¢)

18 - ; © 2,80..COHOC38



Tiép theo ta 4p dung cong thitc Bi-né vao dinh luat 11 Niu-ton va dugc :

d’ [ﬁ+ﬁ}+(u+ﬂ1§—}—ﬂ'
do’ 2) U 12 |

Nghiém ctia phuong trinh nay la :
pm— P yGiesl
ECGS(B 8.1) -1

Dﬁ}r la phucrng trmh clia -
mot nhinh hypebol c¢é tiéu
.diém ndm & tam cua luc, Néu _
chon truc Ox di qua can diém O =F
(Hinh 2.8) thi 6, = O. |

Hinh 2.8

BAI TAP

2.1. Mot xilanh thang dﬁng, ban kinh R, -
duoc dat c6 dinh trén mot mat phéng
nam ngang (Hinh 2.9). Mot soi day .
dai L, mot dau ducc budc vao mép

" duéi cha mat bén cha xilanh va -
hudéng theo dudng ti€p tuyén véi mit
bén. Pdu kia clia day dugc bude vao.

_mét vat nho, Ngudi ta truyén cho vat
mot van toc theo phuang ngang,
vuong gnc vGi day va vat bt ddu.
trugt tr&n mit phang.

a) Chuyén dong cha vat uep tuc trong bao lau trong trm}ng hep mat phang
khong.c6 ma sét ?

b) Trong trudng hgp mat p,h%mg c6.ma sat v6i h¢ s0 ma sat truot la p, thi
chuyén dong clia vat dién ra trong bao lau ?

19



2.2

2.3.
'I giff ndm ngang & bén trén mat dét. Diing

- clia 6ng (Hinh 2.11). VAt m dugc nang

20

BS a)t* ;

5 :
| /'vﬂ ugL
b)tl : - (néu vy }L1|| ) 34 tz——{néuvﬂ{L I'Lg).

Cho moét.co hé nhu Hinh 2.10. Mot - e :
s0i day dai, mot ddu duc.fc gitcd dinh o .L {?2 L. (_?l
& di€m O, ddu kia vit qua mdt rong E

roc nhd & dié’ﬁl O; va treo mot vat, ' N
khdi lugng m. Hai diém O, O, & cling

mot cﬁ@ cao. Mot vong nhé duge luén

vao day va & giﬁa doan OO, Mot vat

khdc, khéi Iugng cﬁng'i‘a m dugc treo

vao vong bing mot doan day ngén.

Cac day khong cé khéi luong, khong Hinh 2.10

dan, Bd qua ma sat. e -

Ban dédu hé dugc giif nhu & Hinh 2.10, réi tha khéng véin téc ddu. Tim giﬁ,tﬁc
cua hai vat khi di qua vi trf can bing finh.

(6«f

PS:aj=a,= O)g (huéng xudng).

=

Mot do._an Sng hinh tru, ban kinh R duoc

mat day, khéi luong khong dang ké va
dai L (L > 2nR), nguoi ta treo mot vat, - m.
khoi lugng m vao diém A & chd cao nhét

lén t6i cling do cao so v6i A rdi dugc tha
tir nghi Idc day dang cing. |
Goi O la gbc toa do cuc, €, va & 1a

cdc vecto don vi tai Q. QP =S, 0 1a
toa d6 goc cua Q.

Hinh 2.11



Hiy xdc dinh;heg cdc dai lugng S, 6, S,0,R L, g & vh &.:
a) Heé thitc gifta © va S
b) .‘Jan Lﬁ(:‘ﬁq cﬁa’ﬁiérﬁ di déng Q so véi O..
¢) ' Van tdc V' clia hat m d6i véi diém di di‘)nig Q khi hatl -:‘JIP.
d) Van t6c v ctia hat dé; véi O khi hat & diém P:. |
¢) Hinh chiéu lén €, cla gia t6c cla a hat d6i véi diém O khi hat &P
f) Thé nang trong trudng Et cua hat khi oP (mﬁc thé nang tai A).
g) P06 16n clia van toc Wi cua hat kh1 hat & d1ém thép nhat trén quy dan cia no.

- PS:o) §B, - . d) ¥ = ~S0E, ; -

e) —(S0 +Sé) : g} Vp, = JEg[L - R(g— — IH

24, a) Mot vé tmh (VT), khél luong m, dang quay quanh Tra’u Bat (TP), kh6i  °
luong M, theo mot quy dao tron, ban kinh R{] Tmh van téc uﬂ cua VT theu M,
'Rﬂ va G.

" b) Ta cin dua VT nay vao quy dan di
qua diém P céch tam TD mot khoang

R, bing cach ting (hau nhu tic thoi)
van téc clia né & dlém Q tir ug lén uy
(Hinh 2.12). Tinh u; theo uy, R, R;.

' ¢) Suy ra gi4 tri tGi thiéu cba u; theo
uy ma VT cdn dé c6 thé thodt khoi
anh hudng cia TD.

Hinh 2.12

d) (Lien quan dén cau b). Tinh van t6c u, cia VT tai P theo g, R, Ry

¢) Bay gio tai P ta mudn déi quy dao nj.:f;g VT thanh qu¥ d;:;m' tron ¢6 ban kinh
R, bing céch tang gid tri cha u, (hdu nhu tic thoi) 101 uj. Tinh do 16n cha u,
theo u,, Ry, R;.
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: 2R '
DS : b) u; ="y, ‘—-——R +1R
' I 0
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~nhin médy tham do bing géc  ~=~

- nhu Hic phoéng:

g) Néu VT bi nhiéu loan nhe va : YA
titc thoi theo phuong béan kinh, sao
cho né bi leéch khoi quy dao tron
bén REQE{R'I ldc dau, hay tinh chu
ki dao dong T cta r quanh khoang
cdch trung binh R, (Hinh 2.13).

; - Rpv2 © & -
Sy = uy2 d) u, = Uy —=—teeee_ ; '
1= Yy 2 = Uy R.(R, tRy) - Hinh 2.13

R, +R GM
E)“a““z,/ lZR ke g)f "R3
0

2.5. Mot tram vii tru chuyén dtjng v6i t6c d6 u trén mot quy dao tron ban kinh R,

quanh Trai D4t (TD). Khi di qua diém C trén truc Oy ¢6 dinh gin vé6i tam O
cia TP, tram vii try phéng ra mot mdy tham do. Lic phéng ra, mdy tham do
dugc truyén thém vén t6c V- theo phuong Oy, sau d6 tram vii tru vin chuyén
dong tron déu véi van toc u (Hinh 2.14a). Goi goc hop bai tia Oy va tia nhin tl
tam TD qua vat thé cdn quan sdt 12 g6c nhin.

a) Chitng minh ring néu gée

b =

V' Trdi Dat
nhin tram v@ tru thi cdc '
vecto van tdc cua ching lai

=y

khic nhau mét lugng la vV
- Qu¥ dao - Quy dao

b) Khi géc nhin may tham do ), v b)
la o thi mdy thdm do ¢é4ch bR

: Hinh 2.14
tAim TD la bao nhiéu ?

-¢) T6c d6 V phai thod man dléu kién nao thi quy dao cha mdy tham do sé l1a

kin (qu¥ dao elip) ?



d) Trong trudng hop quy dao khong kin, hdy tim goc gi6i han oy hop bai
vecto van téc clia mdy tham do va tia Oy khi mdy tham do ¢ xa vo cing
(Hmh 2.14b). '

e} Trong trudng hop quy dao elip, hdy tfim bén truc 16n va ban truc nhod cua'
quy dao tham do.
' uR ' u
BS :b)r(a) = - d) oty = arcsin— ;
: PR u-Vsino ) Cigh \

& 8L R’ _ Ru_
u b V , "u = VE
2 6. ) Mot con tau vii tru P, khoi lu'crng m, duge xdc dinh b&ng toa do cucr = OP
(O 1a tam Trai Dat) va 8°1a goc cuc. Con tau chiu luc: hap dn cha TD :

2
Fiq= rﬁg{E-] . Mot tén lira-ddy truyén cho n mot luc day Fy khﬁng déi
cung hudng voi van tﬁc cha tau vii try. Cudi cling, tau chiu lyc ma sét f cua

khi quyén gié thiét I khong doi.

a.1) Viét phuong trinh vi phan clia chiyén dong chia con tau trong hé toa
do cue. | g

- a.2) Viét biéu thic ctia van t6c xuyén tam i theo r. B6 qua F va trude cac
s0 hang khéc. 3
E} Tau vil tru P dugc chuyén tir quy dao trdon ban kinh rq sang qu¥ dao tron
khic 6 ban kinh 1, = 2r, trong thoi gian ty. Tén lira ddy hoat dong trong sudt
thoi gian chuyén QH? dao, phut khi dot véfil toc do Khong déi 1a p (kgfs). Hay
xéc dinh luc ddy F4 clia tén lia. ,
Cho biét : ro = 8000 km, R = 6400 km.
g=98 m!lsz. Khéi luong ctia'tau ngay trude dich chuyén 1a ﬁﬂl =50 tan.
w=100kg/s; f= 1,4.10°N. tﬂ =6ph40s.

_2F; — 1) 3;2

\/_-mR'

DS :a2)t= . b)F,=4.10° N.
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2.7. Mot tén Ita dan dao dugc ban tir diém A cia bé mat Tréi Dat, tam O, véi van -

toc vy du#j'i goc ban a (so v6i phuong ngang tai A). Ngudi ta mudén tén llra roi
tring di€ém B trén mat d4t sao cho géc AOB = 21 Cho bi€t Ryp = 6360 km ;
= 9.8 mjs : : '

_a} Tén lie ducsc phéng 1én wj} van téc vg =7 km/s, duéi g6c ban o = Ct.g, cho

phép dat duoc tdm bén AB c:_yr:: dai. Trong diéu kién dy, hdy tim biéu thiic tinh
cdc dai luong sau day theo R va theo mot hé s6 khong c6 don Vi (khong c6 thit
- ] '2 a - + v
nguyén) 1a B, = —2 : . A ;
3 yén) 1a B oR | - :

‘a.1) Ban truc 16n a, théng s6 p va tam sai e ciia qu§ dao elip clia tén lira.

a.2) Tam bay xa cuc dai ctia tén lixa,
a.3) Géc ban oy, | . .
a.4) D§ cao cuc dai ctia tén lira. &1}; ra vﬁn toc nhn nhat clia tén iu‘a trén quy dao.

b) Ten lra phat n6i hai diém A va B clia mat d4t sao cho goc AOB 60°. N6

dugc phéng 1én duéi gée bin o = oy cho phep giAm van t6c dén mic t6i thidu,
Trong dicu kién 4y, hiy tinh :

© b.2) Van t6c phong v,
PS:al)a= ; X = 5240km ; p=4120km ¢ =0462; 2.2) ABmae = 8964k :

a3} og = 243 ; ad4)h,, = 1303 km,vmm—ﬁ,z?_kmfs;b.naI:sG“;
b.2) Vg = 6,45 kmys. |

2.8. Mot vé tinh nhan tao, khéi luong m vach mét quy dao tron ban kinh R + z, |

24

xung quanh Trai D4t (gia thiét 1A hinh cdu, khéi 1H{‘ng M, bédn kinh R) lmng

* d6 z 1a d¢ cao cha vé tinh. Goi g 1 gia t&c rmng trudmg & mat dat.

a) Hay xdc dinh :

a.d) Van t6c ciia vé tinh,

a.2) Co nadng toan phén cta vé tinh. |
a.3) Momen dong luong L, clia VT déi véi tam O cia TD.



a.4) Thoi gian T-clia 1 vong.

" a.5) Do cao 2y ma & @6 VT quay trén mot quy dao tron trong mat phing xi’r.,-h-
dao cha TD; ludn ludn & trén ddu mét diém cha TD (VT dia finh diing dé lién -
lac vO tuyén).

Apdung:g=10m/s’; R= 6400 km ; z=3200km; m= 100 kg.

b) Gia sit riing do céc va cham véi cdc phdn ti trong 16p khong khi & trén cao,

F F v : -y = . ."
nén VT chiu mot luc ma sdt ¢c6 mo6 dun f = km-—, ngugc chiéu véi van toc.
z

Gia sir ring mo dun clia llIC ma st 16n hon rat nhiéu mo dun cua huc hit TD,
dé cho sau mébi vong quay thi do cao bi bién thién mot lugng Az rit bé, chuyén
dong cha VT thuc t€ 1a dudng tron bdn kinh R +z. :

b.I ) Hay viét bléu thitc clia sur blé’n thién vén toc Av theo AzvaT

b.2) Biéu thitc clia hé 56 ma sét theo R, z va Az. Tai sao van tdc cua VT tang ?
b.3) Cong cha céc luc'ma sdt trong mbi vong quay. So sanh né véi do bién
+ thién ning luong toan phén cua v¢ tinh. o

¢) Hop luc cta cdc luc ma sat nthét tdc dung lén cdc 16p khong khi phia trén 1a
f = fv" (f, va n 12 nhitng hang s6 duong) nhimg lyc ma sdt nay kéo theo mot
su bién thién nhé cla do cao ciia VT trong khuéng thoi gian dt : dz = ~C.dt :
(C 1a hing s8 duong nho). _

Hay xdc dinh n va tim biéu thic clia f theo m, C, g vaR.

a i, : 2
S:aljv=R £ ; a.ZJE;——l-'mg :
R+z : 2 R +z

¢.3) Ly = mRyJg(R +2) ; a4)T=2h34ph; a.5)z=36000km.

bi) Av=-FA2; B2k= —2
. L - 4n(R + z)
| 2
D3] B ='Emg(R o ZJ Az ; AE = Aqg s
on=3;f;=- mCE.
2gR"
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Chuaaée3

CHUYEN DONG PHANG CUA VAT RAN
VAI TRO CUA TAM QUAY TUC THOI

1-VAITRO CUA KHOT TAM
1. Nhu da blé’t ‘néu chi xét thudn tuy vé mat déng hoc thi chuyén dfmg phi’mg
tong quat c6 thé xem 1a chuyén dong tdng hop cua hai chuyén dong thanh phén :

o Chuyén dong tinh tién v6i van toc bing van t6c ctia mot diém bat ki cla vat
ma ta goi 1a cuce, : ; :

o Chuyén dong quay qu&nh cuc véi van tdc gbc khong phu thude vio viee

chon cuyc.
Goi Afa diém duge chon l1am cuc, B 1a diém bat ki khde chia vat, ta ¢6 :

EB=ﬁﬁ+&mEﬁ' - - (3.1)

2, Tuy nhién, néu xét ca vé mat dong luc hoc thi khai tém clia vt trd nén khdc
biét hian véi cdc diém khdc ctia vat. Chuyén dong phang tong quat c6 thé xem 1a
chuyén dong tdng hop ctia hai chuyén dﬁng thanh phén :

e Chuyén dong tinh ti€n véi gia téc bing gia téc ciia khéi tam.
e Chuyén dong qﬁay quanh khoi tAm ﬁifi gia t6c goc chung cho toan bo vat.
| SF = Mg |
| 'Eﬁ(} = I5Y
Biét a5 va ¥ tacd thé' tim dugc gia téc cia mot diém bat ki ctia vit. That vay,
goi A 1a diém bat ki, theo (3.1) ta ch :
VAo =Vg +0A GA
Lay dao ham, ta duge ! : %
dp =g +7AGA+8&n (@ GA) (32)
tmng dé gia tdc clia diém A trong chuyén dong tron quanh G bao gom
=¥ A GA vi a, = wa{maGA}
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3 o

3, Xét vé mat nang luong, khdi tam ciing ¢ mot vai trd dac biét :

o Th& nang cha vat bing thé ning clia toan bo khéi luong chia Vat tap trung tai
khai tam. - B '
=mgzg =mghg. " - * - (3.3)

i : . ™.

e Dong niang cla vat bang tong dong nang cua chuyén déng tinh tién theo,
khéi tam va dong nang quay quanh khoi tam. .

. , o i

1 9. - .' :
E;= —mvg + =107 - - 34
§= g W6ty e B4

4, Khéi tam cua vat cﬁng c6 vai trd dac biét doi véi cac dai luong bio toan.
e Dong lm:mg clia Vit trong chuyén déng phang tong quat chi bing dong luong
clia chuyén dong tinh uén theo khoi tam cia nd.

P = mig . (35)
(Pong lugng cua vat trong chuyén dong quay quanh khoi tam bing khong).

e Cong thic tinh momen dong lugng clia vat doi v kh&i tam c6 cung dang
“v6i cong thic tinh momen dong lugng cla vat d61 v6i tam quay c6 dinh (goila’0) -
cho dit G chuyén dong. -

Lo =Ig0 (3.6)

e He thic lién hé giita momen luc va momen- dong lu{:rng dm vGi khoi tam
ciing don glan nhu d6i véi tam quay 8 dmh . *

—

SMg = —— =1 3.7

| G T GY | (3.7)

e Néu hé hai vat twong tac véi nhau la hé co lap thi ta 4p dung dinh luat bao ,

“toan momen dong lugng ctia hé d6i vai didm c& dinh bdt ki (goi 1a O). Khi &y

momen déng lugng clia moi vat doi vOi dlém ¢6 dinh O bét ki duge tinh bang dinh
1i Kg-nic: -

To:= EG +0G A mvg (3.8

Cac cong thitc trén day cho phép ta gidi dugc cdc bai todn vé chuyén dong -
phéng tdng quat (Di nhién phai két hop v6i mot s6 cﬁ‘mg thic lién quan téi tinh
chét dac thﬁ cla bai mén}
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11~ VAITRO CUA TAM QUAY TUC THOI

Tam quay, tirc thoi 1a diém dac biét thi hai chi ding sau khéi tam cha vat,
Viéc nghién citu vai 1rd ctia tim quay tic thei khong nhiing gidp ta hiéu sau thém
déc diém clia chuyén dong phing t6ng quat ma con tim ra dugc nhiéu cong thic
" lithi va b6 ich khdc ntla, . | ST T

1. Nhu da biét, khi mét vat chuyén dong phing téng qudt, thi tai mbi thoi
~ diém ta déu c6 thé fim dugc mot diém trén vat hodc trén mdt phdng gén véi vat
(trong Co hoc 2 goi 12 mét phing O') c6 van t8¢ bing khohg. Diém nay duge goi la.
tam quay tifc thdi clia vat. Van téc ctia cdc di€m khic cia vat tai thoi diém d6 c6

thé dugc xdc dinh béing cdch coi vat quay quanh tdm quay titc thei. :

- Goi K 1a tam quay tiic thi chia vat, A 13 mot diém bat ki cha vat, ta c6

¥, =HAKA _ © . (39a)

Vg = ® A KG . (39%)
Tir cong thiic (3.9) ta suy ra cong thiic tinh ddng nang cua vt : |

Eq= —%Emivf = %IK{»E S - (3.10) .
véi - Ig =g+ m(KG)? ,” (3.11).

Tu’ cong thic (3.9) ta suy ra duge cong thite tinh momen dtjrig luong cha vat
doi véi K. | g
. Lk = S(ig A m¥,) = [ " (3.12)

Tac6 nhan xét, tat ¢4 cdc cong thite tir (3.9) dén (3.12) déu 6 dang gidng nhu
cdc cong thic tuong tng d6i-véi vat chuyén dong quanh tam O 6 dinh. Tr d6 ta
rat ra két luan : ' :

Chuyén dong iahﬁng tong quit c6'thé xem la chuyén dong quay thudn tuy
quanh tam quay tic thoi khi xét vé& cdc mat sau day :

— mit dong ch (khi tinh van tﬁt_ chia méi diém ciia VAat).

- mat nang luong (khi tinh dong ning cha vat).

— mait bdo toan (khi tinh momen dong lugng cta vat déi véi tam quay
tie thoi). T

Céc cong thuce lién quan dén tam quay tic thdi trén day (tr (3.9) dén (3.12) da
g0p phan vao viéc lua chon cdc céch giii hay va hieu quéd cho cdc bai tap vé
chuyén dong phing.
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- nghiéng. Pudng thing AB 1a dudng can

Pén day tdt nay ra cau hoi : Néu xét vé mat dong luc hdc thi sao 7 Co thé xem
‘chuyén dong phéng tﬁmg quét 12 chuyén déng quay thudn tuy quanh tam quay tic
- thdi duoc khong ? Néi cdch khdc c6 thé diing dugc cong thic :

Mk = Ig¥ - - (3.13)

giong nhu cong thiic d6i v6i tam quay co dinh hay kh-ﬁng ?

Khi nghién citu sau chuyén dong pha,ng téng quét, tic gia nhan rala khﬁng thé"
. trd 10i cau hoi néu trén mot cich don gian la "ding duge” hoic "khong diing
- duge”, L{ do nim ¢ ché 1dm quay tic thoi ¢6 gia téc khdc khéng, d6 la diém khéc
biét so.v6i tam quay c6 dinh. Thém nifa, téc gia tim ra dwoc cau trd 16i c6 lien
- quan dén dudng cén cit. Hod ra duding can cit khong chi 1a mét khai mém {huan o
_ tuy If thuy€t ma con c6 tng dung I thi mi'i ta s& thdy 0 phéan sau. -

Fu

2. Bucmg can cﬁr :

Gia sir tai thoi diém xét, diém K (thuoc mit phing O' gn v6i vat) c¢d van t6c

bang khong. Diém K trung véi diém K trén mat phang c6 dinh O. Do K ¢6 gia tdc
khac khong, nén sang thdi diém sau né ¢6 van tdc va diém lan can K' (thudc mat

| phﬁng 0') ¢6 van tdc bang khong. Dmm K' tring v6i diém K, trén mit phang 0.

Va cit nhu thé, tam quay tic thdi da dich chuyén trén mat phang 0, vach nén mcnt
dudng goi la cfucmg can ci.

Gm vK la, van téc dich chuyén cia tam quay tuc thoi trén duemg can cu. Vactﬁ
" ‘UK tlép tuyen voi dm‘mg cin cit. Dui day la mot vai v du vé dudng can cit :

— Mot hon bi lin lfhﬁng trugt theo
dudng ddc chinh AB clia mot mat phéng

ctt (Hinh 3.1).

~ — Mot hon bi lan khong truot trong
mot mang tron, ban kinh R, Pudng tron
AB, bin kinh R vach trén méng tron la
dudng céan cif (Hinh3.2). .

Dua vao dudng cin cif ta céf thé tim
dm:rc cau tra 1oi néu § trén.

"Hinh 3.2
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‘3. Mi lién hé téng quét‘ giira Zﬁ:{ va L
Néu tai thoi diém xét, té‘tm quay tirc thoi K irung véi diém K clia mat phdng
cd dinh O thl theo dinh i Ko-nic ta viét :

LKI-—LG-I-KGAITWG 1

dl, _dLo £K,G A mig)
de =~ dt dt .
dLg dK,G

—~*—-+KGAI}]HG+
dt. dt

A VG

— X |
_ZMG +KGAZF1_+{VG"VK)Ava
=YGE-tAR +Z(TG"1’KMZE +'f"’G“"’K3”‘m'"’G

—Z(q—rK)AFl +(vG—vK}Ava

_dL - . . |
Vi d:ll = d;‘:{ va Lk = Ig@ nén cudi cling ta dugc :

d 3 | —ex - BT = )
E{—(IKm} = ZMK_+ (Vg — vK1)n mvg {*)
4. Diéu kién dé ap dung duoc cong thiic (3.13)
TW cong thite (*) ta it ra duoc diéu kién 4p dung nhur sau -
a) Diéu kién thir nhdt : néu tai thoi dlém xét (t = 0) vat ding yén titc thoi, tic
1a v va © cla vat déu bang khong, -

Tai sao vay 7 D6 1a v'i_ (dé_:c] cling bﬁtng khong du Iy 1a dai hrg:rng bién
\ t=0

thién. Thé con Ix 7 Ta xdc dinh dugc Ix néu xét dén xu hmﬁ*ng chuyén &6ng ctia
vat ngay sau do6 (Xem bai tap 1.27, tr. 58, Co hoc 2). :

b) Diéu kién thit hai : néu tai thoi diém xét, vat dang chuyén dong th1
e Iy = const (hay KG = mnst) va Vg f‘va

Néi céch khdc, KG = const va Vi Sohg song voi tiép tuyén véi duong cdn cit.

(Xem Hinh 3.1 va Hinh 3.2 va xem cdc bai tap 1.5 tr. 50 ; 1.6 tr.50 ; 2.17 tr 104 ;
2.18 tr. 104, Co hoc 2). | |
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Nhir vay 1a n€u,xét vé mat dong luc hoc thi chi khi mt trong hai diéu kién
trén day dugc thod man thi chuyén dong phing tdng quit mdi c6 thé xem la
chuyén déng quay thudn tuy quanh tam quay tic thoi. Khi dy ta ¢ thém cong thUi:
(3.13) dé giai bai tap. ‘oo |

Qua phdn trinh bay & trén, ta thiy 6 nhitng khé khan nhat dinh khi 4p dung
cong thite (3.13) nén rédt nhiéu séch Vit 1i & bac dai hoc trong 'phﬁn "chuyén
r}ﬁng phing" da khong dé cap dén cong thitc (3.13) va xem nhe vai tro cua tam
quay. tic thoi. -

Tuy nhién theodia‘ic giﬁ. néu van dung dung céng thie (3.13) thi trong mot s6 -
bai tap fa c6 cach gii‘n ngan gon hon so v6i khi khong diing né. Va di€u nay thi
‘hoc sinh gi6i mon Vat If 1am duge. -

ITi - MOMEN PONG LUONG (TONG QUAT)

Momen dong Iumlg 12 mot khdi niém kho va viéc dp dung dinh luat bae toan
- momen dong luong cho mot hé vat cling kh6. Mudn hiéu ding khdi niém na}f
chiing ta phai bat ddu tir nhiing dinh nghia va nhiing cong thitc tf}ng quat

1. Dinh nghia téng quét cia momen di}ng luong va momen hic-

Xét mot hé hat dang chuyén dong y4
va gid sir ring m&i hat chiu mét ngoai |

L

luc F tic dung. Chon diém c6 dinh
O lam gdc toa do. Chon diém bit ki P
dé tinh momen, diém P cé thé ding
yéen hoic chuyén dong (Hinh 3.3).
Ta cé dinh nghia sau :

—
A a ! i i X
a) Momin déng lugng toan phén cua ¥rih 3.3
_ hé déi voi diém P la :
Le = 3. (8 ~ 1) Am;(¥; = ¥}) | (3.14)
b) Momen toan phdn clia cdc ngoai luc doi v6i diém P la
—eeX it —EX
My =D (G -t)AF - (3.15)
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2. Méi lién hé tong quat gita momen déong lugng va momen luc |
Ly fﬂé}.{}.hﬁm clia Lp theo thi gian ta dugc :
dLP

Z(v —vP)Am(_' vp}-i-Z(r—rp}n{ma — m;ap)
0 3

Thay '.m"iﬁ'i = E?{ la téng hop céc [uc tac dung 1&n hat i, ta dugc :
dL ' Cmet oL
S Z(r -I'F}AF; Zmi(ri —Tp) A ap
- Thay tiéfp'zmii-;- = m% ta dugc :

di: I = .-—i SeXL e = a. |
—dTP: Z(&—fp)ﬂf’?x —m(ig ~B)A3p

Cudi cling ta duge cfjng thiic téng quat

d;p Z_'Esx - (I,‘G - 1) A ma, . (3.16)

Coéng thfrp (3.16) cho th_ﬁ;}r moi lién hé gitta momen lyc va _rr'mm'enl dong luong

—

khong don gian nhu-m6i lién hé gita luc va dong Im:_mg- [Z Fox. = %;-] Co sit

khac biét nay la do momen déng lugng vé momen luc con fuy thugc vao diém dé
tinh momen. '

Tir cidc cong thic {3 14) va (3.16) ta rit ra mot diéu 12 méi khi 4p ciung céc
cong thiic vé momen déng lugng, ta phdi chi ra diém dé tinh momen va diém dé la
diém ditng yén hay chuyén dong.

%

3. Pidu kien dé 3 Mp = %-‘i

_ S6 hang thit hai trﬂng cong thac (3.16) s€ triét tiéu néu mot tmng ba diéu kién
sau day duoc thoa mén,
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a) d, =0 : diém P dimg yén hay chuyén dong thdng déu. Tuy nhién, ta

thuong chon P ding yén va coi P trung véi gé’c toa do O chia HQC ding yén. Khi
dy ta c6 cdc cong thic quen thude : | ' .

o Lo = Zﬁ A mV, (V, lavan toc tuyét déi clia hat i).

® Zﬁﬂ =7 N

.ﬁﬂ | df{) e

b) % = % hay P= G. Khi 4y ta cling 6 céc cong thic ;quen thuoe

e LG = Z(q - !.‘G)AI'H ¥, —vG) véi ¥; — Vg = Vig la van t6c twong déi
cua hat i d61 véi khéi tam cua hé hat.

ey =B X

e Y Mg =) (% '—'r'g}hﬁi
" die
* > Mg = . (C&ng thiic (3 ?}aphﬁn trén}

c) Vf:c:w gia téc ap // (i — 1p) hay. ap // PG Dléu kién nay chi co y nghia vé
- mat I thuyet it vin dung trong thuc tién.

Tt diéu kién (a) va (b) ta rit ra mot diéu 12 c6 mét sy hiéu khéc nhau gitta
"momen dong luong cha hé d6i voi khai tﬁm” va "momen dong luong-clia hé¢ d&i
v6i diém cd dinh triing véi khoi tdm. That vay, gia so mot hé dang chuyén déng va

tai thoi diém xét khoi tam G cia hé tring véi diém c6 dinh G; cia HQC O.
Momen déng luong ctia hé déi véi khéi tam dugc viét 12

Lo = 2.G — ) Am(¥; — Vo)
Con mqmeﬁ dong luqné ctia hé déi v6i diém Gy se'." 1a:
Lg, = X5 %) Ami(¥; - Vg,)
nhung ¥ =g V& vg =0 nénta viét :
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=2 (& ~ %) Am¥,
Vi thé, khi ta viét Lg = D& - %) AmV; v6i ¥, 1a van téc tuyét doi cia

hat"i thi ta Eﬁhﬁi hiéu Lg 1a momen dong lugng cha hé doi véi diém cd dinh triing
v6i kh6i tam tai thi diém xét, chi khong phai 1a momen dﬁng luong d6i véi kh61
tdm nhu ta vin quen viét, quen ndi,

4, Mumeh_ dong luong ctia mot vat rdn chuyén dong phang doi véi tam
quay tirc thoi '

Néu tai ihﬁn diém xét, diém P t:rung véi tAm quay tic thoi K thi theo cong thite
téng qudt (3.16), ta viét -

dix _d oo YMk -KGamig, G.I7)
dt dt
Dé hi€u vé s6 hang thit hai trong cong thitc (3.17), ta chon HQC tinh tién tai

thoi diém xét ¢6 goc toa do tai K. Trong HQC nay vat chiu thém hic quédn tinh

Fq = —may dat tai khoi tam va (- -KG A may ). Chinh la momen doi wffl Kcia

luc quén tinth. Khi 4y cong thic (3.17) dugc viét thanh : 3.
| — X dLK d . '
M == I (4} 3.18
EK dt dg(K) (. )
(bao gém ¢4 momen ciia lre quén tinh)- 5

Néu tai thoi diém xét, vecto ag // KG thi momen ctia luc quén tinh d6i véi K
lse bing khong. ' |
Bay gio ta trd lai HQC ding yén, tic 1a tré lai cong thic (3.17). Néu
g //KG va Ix = const thi cong thic (3.17) tré thanh cong thic (3.13). Ta hay
xét mot vai vi du : |
o Vi du I : Mot banh xe dang chuyén dong
déu trén dudng nam ngang (Hinh 3.4). Méi
diém trén vanh bdnh vach mot quy dao hinh
xicloit, Khi diém trén vanh tiép xiic véi mat _ Hinh 3.4
duﬁmg tai Ky, K,,... thi diém d6 c6 van t6c bang khong va déng vai trd tam quay
tac thoi. Vecto gia toc ag hudng vao tam G cla banh xe. |
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o Vidu 2 : Mot hon bi lan khong trugt trén
mét cung tron (Hinh 3.5).

Tuy nhién, trong nhiéu trudng hop khac ta rét
* khé nhén ra duge huéng ctia vecto dg . Vi the viéc

dung dudng can et dé tim diéu kién ap dung cong
thiic (3.13) 1a viéc 1am dé dang hon nhiéu. L Hinh3s

BAI TAP

3.1. Mot chiéc thang x€p gém hai chan dugc lien
két véi nhau bi mot khép n6i & dinh va mot .
soi- day ndm ngang & gdn chan thang. Thang
duge dat ddng trén mot mat phang nam ngang
va tao véi bé mat mot goc o = 60° (Hinh 3.6).
Néu soi day dot nhién bi cdt thi gia t6c cha | Hinh 3.6
khép néi tai thdi diém d6 bing bao nhiéu ?

Bb qua moi ma sét.

Ds : %g (huéng xubng). ' )

© 3.2, Mot tdm vdn, khéi lugng m; dai /, ding yén
trén mot mat san nim ngang khéng ma sat
vi tua vio mot bitc tudng thing ding khong

ma sat. TAm vin dugc gilt bang mot sgi day oo
noi diu dudi cia tdm van véi chan tudng 0 >
(Hinh 3.7). Géc giita tAm vdn va san la o, ' Hinh 3.7

Gia sir ring tai t = 0 day bi cat dit va.ddu dudi cha van ludn ti€p xiic v6i san
trong khi roi. Hay tinh : '

a) Gia toc gbc clia vén tai t = 0.
b) Gia téc dai chia ddu trén cha'van tait =0,

¢) Tinh géc o tai thoi diém vén bat ddu roi khdi tudng,

DS : a) i—% COSCly ;'b)_—s?g cnslaﬂ : ¢) sinot = %sin O -
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. Goiy (Hinh 3.8) :
 C6 thé ding duoc cong thiic Z_HK = Iy

° Vg // tié’p tuyén véi dudng can cif tai K.

e KG = % = const.

3.3. Mot thanh cung, dong chat, dai [, khéi

DS :N=

lwong m, dat thang_dung trén mot mat san

nam ngang khong ma sit. Do bi dung nhe,

thanh. 'dd xudng trong mat phéng thing
~diing va ddu duéi cha thanh truot trén mat.
phing nam ngang (Hinh 3.9). Tim phan luc

N cta san Ién thanh tai thoi diém thanh hop
v6i san mot goc o. '

mg[1 +3{l—5mu) ]
(1 +3cns u)

"Goi y : O bai toén nay khong ding duoc

| cong thic Mg =1 ¥ vi V5 khong song
_ K G

song véi ti€p tuyén véi dudng can ot va I

1a dai lugng bién thién (Hinh 3.10).

3.4. Hai thanh ciing, méi thanh c6 khéi luong m,

~ san bang mot ban €. Piu dudi cla thanh
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dai /, n6i v6i nhau bing mot ban 18, tao

- thanh mot hinh chit V nguwoc ma géc giira
ching c6 thé thay ddi duge. Céc thanh luén

ndm trong mit phing thing ding d6i véi
san. Pdu duéi ctia thanh bén trdi lién két véi

bén phai trugt trén mat san khong ma sét
(Hinh 3.11). Moi ban 1é déu khong ¢6 ma
sdt va khong cé khai lwgng. Cac thanh duoc
thé tir trang thai nghi khi géc giffa chﬁng
hop véi phuong ngang 6 = 45°.

ps N=.mg
10

Hinh 3.9

Dubdng cin cit

| 'H.Eh!; 3.11
Tim phén lyc N ma san tdc dung lén thanh bén phai ngay sau khi tha.




3.5. Mot hinh try 16n, rong khéi lugng m, bén @l
~ kinh R, 1an khong trugt trén mot mat phang -
nghiéng vdi géc nghiéng o so véi phuong
ngang. Trén bé mit cta hinh try 6 mét con -~ v

- ché, khéi lugng m;, dang chz;y sao cho n6

luén git vi i cao nhﬁt ctia hinh tru

(Hinh 3. 12). Hoi gia téc géc cia hinh try.

.

P
k

(m + m)gsina 1

DS v = o b '
? R[2m+m](l+cuscx,)} o anfzj‘fz

Gm y : Khéi tim G cha hé "hinh tru + ch" chu;fén déng son g song véi mat
phﬁng nghiéng (hay dudng can ¢i) nén &p dung duge céc: cﬁng thiic

ZMK dLK

3.6, Trén mat bap nam ngéng, nhin, c6 dat mot ta dﬁi, @——E— ~~~~~ %m

n;
gbém hai qua cdu, khéi lugng lan lugt 1a m va-%, |
~dugc gan vao hai ddu mot thanh khong khai luong,
dai I. Mot qua cdu nho, kh6i lwong m;, chuyén
' ‘ . -, . . : Im
dong vdi van toc vy trén mat ban theo hudng vudng , ©3
gbc véi ta doi va dap vao quéa cdu m (Hlnh 3.13). Hinh 3.13

Va cham Ia dan héi va tryc d1én
a) Tim van t6c cha cdc vat sau va cham.

r

b) C6 thé xay ra mét va cham nita glua qua cdu va ta dm hay khﬁng 7 Néu c6
thi diéu kién 1a gi ? :

2 - - . '
Bs : a)VG: _%M.L.;.; LW = _n.l.;..?.ﬂ._.ﬁ.- TV= M 1b)C61 ...H..i.. ﬁU,ZE. .
3(m, + m) [(m; + m) my +m -omy
- 3.7.Mot qua béng dac duoc 1am bang mét loai cao su dic biét cho phép nd nay
dan héi trén mot mat phing, dong thdi khong truot trén mat phing c¢6 ma sét
khi va cham. Bong duoc ném lén. tur m&t mit phang nghléng co goc nghiéng la

o S0 voi phucrng ngang. Van téc ddu clia qua béng vudng géc véi mat phang

ngh:&ng va c6 dé 16n 1a vy Tim thanh phdn ctia van téc qua bong doc theo mat
phang nghiéng ngay sau ldn ndy thii n.

(10n — 4) 10n

DS v = vtana (n &) ; v, = —?— vtanc (n chén).

n-=
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3.8.Trén mot mat ndm ngang, nhin, cd

' W
hai vong manh giéng nhau, dang quay \}I /

vGl véan toc goc lan lugt la @y, oy,
déng tha*f:chuyén dong vé phia nhau
vGi .Val’l.fﬁi.'; #'1, vy theo duong ndi tdm
(Hinh 3.14). Hiy xdc dinh van toc

Hinh 3.14
gbc cta hai vong sau va cham néu su

- va cham c6 k&m theo sy trugt & chd ti€p xdc va do ¢6 ma st ma Su trugt s&

mét di tai thoi diém cudi cling cha va cham,

as;-m-,iﬂzl_;:@;_;mé;#ﬂ%ﬂ;

3.9, Hai qua cdu c6 cung khéi luong

~ theo cich sao cho dudng thing néi

38

~ gifta cha mot chiéc xe, khéi lugng
‘M = 6m, dai I. Quéa cdu nhd dit trén

riéng, ¢6 ban kinh ldn lugt 1a r va
R = 2r. Khéi luong cta qua cdu nho
la m. Quéa cdu 16n duoge dat tai diém

qué cdu 16n (Hinh 3.15). Khi xe duoc

kéo v6i mot luc khong déi F nim
ngang thi hai qua cdu 1an khong trugt

hai tam luon gilt mot géc khﬁng dtﬁ:z P '. ._ Hinh 3.15
s0 v&i phuong ngang. '

‘a) Tim dé 16n cua luc F.

b) Sau mot Khoang thoi gian bao lau thi cdc qua cdu roi khoi xe ? |

DS F = SGmgcnscp JZ:‘(l -+-Ismgn) +
: 1+ sing 5gcos@




Cha ac 4
TINH HOC. PHUONG PHAP CONG AO

'Phlru:rng phdp cong ao dua trén khai niem vé su dich chuyén do. Trong finh
hoc, phuong phép nay té ra ¢ 1gi vi né khong doi hoi phai tinh todn moi phan luc
gitta céc phédn khéc nhau cia mot hé thong duge khao sat.

1- SUDICH CHUYEN A0
1 Dinh ngiua

" Sut dich chuyén do la bdt ki su dich chuyén wﬁ cung nho nao phu hop w:ft cdc
lién két xdc dinh hé vat cdn khdo sdt & mét thoi diém xdc dinh.

Ngudi ta ki hiéu do dich chuyén 4o 1a 8F dé phan biét véi do dich chuyén
thuc la dr.

2. Vi du : D€ 1am 13 sy khdc nhau gitfa s dich chuyén ao va su dich chuyén
thuc ching ta xét mot vai vi du sau day :

" @) Vi du I: Mot qua cdu c6 ranh chuyén dong doc theo mot thanh xuyén qua
ranh (Hinh 4.1).

o Ox
— D¢ dich chuyén thuc clia qua ciu la |

dx = vdt. : Hinh 4.1

,——-

—Po dich chuyén 4o 1a 8x. Vidx la uy ¥ nén né doc 1ap v6i van téc.

b) Vi du 2 : Hinh 4.2 cho biét quy dao chuyén dong clia mot d1ém A
- trong mat phing Oxy. .
~ Po dich chuyén thyc cla A la : Yo 51
,. ar .5

df = dré, + rd0g,
. Vidr=rdt va df = 6dt nén vecto df
ti€p tuyén véi quy dao.
— D6 dich chuyén &o ctia A la :
57 = oré, + 86, -

Hinh 4.2

Vidrvadolatuyy nén vecto IE‘)i" khong ti€p tuyén véi quy dao.
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¢) Vidu 3 : Mot qua ciu A ¢6 ranh
' truot khéng ma sat trén mot thanh dang
quay Oz quanh truc thing ding. A vach
mot quy dao.trong mat phiing nim ngang
xOy (Hinh 4:3),

Trong trudmg hop nay thi luc lien két
phu thudc vao thoi gian. Bdi vay, & mot
thoi diém x4c dinh t, do dich chuyén 4o
cha A khéng chita do dich chuyén géc.

- T d6 tasuy ra :

Hinh 4.3

3T = Br.&,

&

I1- CONG AO. PINH Lf VE CONG AO
1. Cong ao

0 mot rhm diém ndo dé, ngudi ta goi cong cfa cua mot lyc F tdc dung vao

mét diém cibka mot hé thong la cong ciia luc Ftr ong su dich chuyén do ¢ thoi
fi‘;em ay.

| sA=Eost i
trong d6 &7 ndi chung khong ti€p tuyén véi qu¥ dao.

2. Dinh Ii vé cong ao

@) Mot h¢ chit diém s& diing yén néu méi chét diém A ciia hé ding yen dusi

tdc dung ctia moi lue Fa tic dung lén no.

ZE' -0

Boi vay déi véi mot su dich chuy&n 40 bat kita cé :
Zpﬁarﬁ =0

Céc 'lgrc trong Zﬁa bao gom hai loai, d6 12 céc ngpai luc dit vao hé va cdce
lyc lién ket va chiing ta gi6i han & hai trudng hop quan trong khi ma cdc lién két la
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. maniven OM dé gi cho h¢ "maniven —

hoan hdo. D6 12 trudmg hop khéng ¢6 ma sdt va trudng hop khong cd su truot khi
c6 ma sat. T d6 suy ra :

Zl’fﬁaﬁq =10 | )

b) Binh li vé cong do phdt biéu nhu sau’:

Mudn cho mot hé chdt diém cé cdc lién két hoan hdo ban dé ditng yén sé vdn
ditng yén thi diéu kién cdn va di la tong cdc cong do cia cdc ngoai lyc ddt vao hé
phdi bédng khong. | W

3. Phuong phap cong a0’

Phuong phép cong 30 t6 ra rat thich T A
hop wﬁi nhitng bai todn finh hoc trong. dé
" ngudi ta khong doi hoi phm tinh cdc t'u*c
lién két. Sau day 12 mot s6 bai tap vi du.

a) Vi du 1 : Hay xdc dinh momen

" cha nghu luc Mz cén tdc dung vao

bien" ding yén khi ddu B cia bién (gin

vao qua pittong) chiu mot luc F ngugc
chiéu truc ox (Hinh 4.4).

Gidi

Hinh 4.#

‘ Ta hiy tinh céng cta lyc F va cha ngiu lue M, trong su dich chuyén 4o ctia
B phit hop véi lién két tai B. '

0AR = — Fox

6Ay = M,.00

MGi lién he gitta 5x va 80 c6 thé tim duuc dé dang nho é.p dung dinh 1i ham s6

cosin véo tam gu&c OMB :

I—rz

+x° ~ 2xrcosd
Lﬁy vi phan, ta dlmc :
=0+ 2x8x — 2r cosBox + 2xr smﬁ&-e
Xr smGSB = —(X — r c0sB)dx
—xrsin 866
Ox =

X —rcost
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khi cong ctia luc ma sét bing O thi ta c6 :

E5A = ~Fox + M50 = 0= (F—510_ | 160 =0
- | X — rcos®

X sin
Suyra - - Mz = -Fr, ——8—
. X —T1cosh

| . 2 _
Thay x = rcosf + Icosa va thay cosa = \f - G;] :sin2 8 vao, ta dugc -

, M = ~Frsin6(1 + gusﬁ .

lu[ﬂ sin’@

Néu r << x, tifc 12 bién dai so v6i maniven thi M, = ~Fr.sinf

b) Vi du 2 : Mdy ép 1a mot hé gém hai
thanh gidng nhau lién két v6i nhau biang mot
khdp dong. Mot trong hai thanh cé ddu O c8
dinh con thanh kia ¢6 ddu B c6 thé dich
chuyén doc theo truc Ox (Hinh 4.5). Ngudi
ta tic dung vao trong vat A (cé khéi luong

yA -

m) mot luc Fi huéng thing ding xudng

~duéi. Hay tinh luc Fa ma khuon ép phai thc
dung vao ddu B dé cho hé ding yén.
- Gidi

Ching ta hay xét mot su dich chuyén 4o vé géc Sa.

Ya = Isina. = 8y, = lcosa. da
Xg = 2lcosal = &xg = ~2lsina Sa

Vi Z0A = "'“F]B}I’A - mgSyA e F'ZS’KB =

hay * (-Fylcoso. — mgleoso + 2F,lsina)da = 0
F, + mg '
Suy ra : F,= - ;
Y % 2tano

Daéi v6i luc F cho trude néu gbc oo ma nhd thi lue ép F, ¢6 thé rét 16n.
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[T - CAN BANG BEN CUA MOT HE CHAT DIEM BAO TOAN VOI MOT
. THUNGUYEN ' = ;
1. Piéu kién can bang
Ta hiy xét mot hé chat diém bao toan dugc dac trung boi thé nang la mot ham

clla mot toa do téng qudt ki hiéu 1a q (vi du nhu toa do géc 6). Theo dinh Ii vé

cong 4o, khi hé &vi tri can béing ta co :
Y Est = ~0E,(q) = 0
P :
Matkhdc, = OEf(q= —? oq
o q -

Tir d6 ta suy ra diéu kién can béang la :
dE(q) _ 0 ' 3
dq

2. Tinh chdt cla trang thai cin bing duge xéc dinh boi hinh déng dudng cong
miéu ta ham E(q) & 1an cin gid tri gg cla q'& vi trf can bang.

a) Néu duﬁng_cbng E't{q) di qua diém cuc tidu B -
khi q = qg, thi cdn bdng la bén, Vi moi sy lech gid tri
clia q déi vdi qq déu gay ra dao dong gifta hai gid tri

q va ?iz & hai phia cha g, (Hinh 4.6). : b . {

That vy, su bdo toan co nang E = Ey + E, = const 6 e
: - ' ' 9o 92
kéotheo Ey=E ~E,>0 | Hinh 4.6
o d’E,
Tirdé suyra:q <q<qynéu —- >0 :
v dq By
b) Néu duong cong E,(q) di qua diém cuc daj khi
q = qq thi cdn bang la khong hén. Vi moi su sai lech |
d6i v6i g déu bi khuéch dai lén (Hinh 4.7). 7‘/ -
- d’E R 5
<q,vaq>(q,néu —- <0 % %0 4
PEvR g dq? Hinh 4.7
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- ©) Cudi cling néu E(q) biu dién mot dudng nim Frp .
- ngang (Hinh 4.8) thi can bing 12 phiém dinh. Trong

trudng hg‘p‘ﬁ:ﬁy, taco:

3. Bai tap vi du

Mot co he goém hai qua cdu khéi lugng m va rﬁ{jt :
qua cdu khéi lwong 2m néi véi nhau bing cac thanh

manh ¢ ciing chiéu dai vd c6 khép néi & hai ddu

(Hinh 4.9). Ld x0 ¢6 do ciing k vA 6 chiéu dai ti nhién

ly. He théng quay déu vdi van tée géc @ xung quanh
truc thing diing Ox. Hay xdc dinh vi trf can bing cha
hé. Can bang la bén hay khéong bén. : .

. Gidi g B o

~ Chon HQC quay. Trong HQC nay thé nang toin
phan cta co hé gém thé nang trong thudmg, thé nang dan
héi va thé nang 1i tam. Chon méc tinh thé nang trong
trudng & O ta 6 biéu thitc thé ning toan phén clia he 1

P S 2

E, = (~6mglcos0) + %k(Zs’cosB ~ I + z(a—%_mﬁ sin°0)

Hmnm&_'

O -

T
o o )

I

W, O o W i W W W W
T

e O i O i, W
> —

Hinh {9

LY

Ta c6 nhéan xét thé ning ctia hé 12 ham cla mot toa do géc-0. Do d6 vi tri can

bang clia hé thod man diéu kién :
d_E...L C U‘\

d6
dE

g = 2Usin0[3mg + kig ~ I(2k + moy?)cos6] = 0

K&t qud Ia hé c6 hai vi trf can bing 8, va 0.

| 6, =0
| 3mg + ki,
12k + me?)

cosb, =



Xét difu clia dao ham bae 2 :

. [d*B.} P
e 21[3mg + kil — 12k + ma™)]

52 .
—{-i—Eé‘— = 21(2k + mmi}sin2 By > 0
do’ ' |

Chu § ring vi urf thit hai thi luén luon bén trong khi vi trf thit nhﬁt chl bén néu
® nhd hon mot gid tri dac biét nao day.-

DE két luan, ching ta nhic lai-céc {iléu kién can bé‘.ng_ da hoc tmng finh hoc.
+ Dﬁa v6i mot chét diém : ZF 0

+ Dé'i~vc'iri mot vat rdn : Zﬁm =ﬁ : ZH“ = {}

+ Dé: véi mot hé gbm n vat ran thi ta co n cap phu-::mg trinh vecto nhu trén.

+ DG6i Vi mot hé lién tuc va bién dang duoc, nhu soi day chang han, thi mot
phuong trinh vecta cho mdi phén tir ciia he. _ }

- BAITAP -

4.1.Mot chiéc thang déng chat, o
‘ti€t dién déu, trong lugng P, - ok
dai [, duge gilt can bang bdi
moét luc F nim ngang (Hinh
4.10). Bo qua ma sdt véi tudng
va véi san, Tim F,

_ Hinh 4.10

pS:F= %Ptanﬂ.

4.2.C6 moét khung x€p tao boi
4 thanh, mbi thanh ¢6 trong
lugng P va dai 2a (Hinh 4.11).
Hay xé4c dinh hai luc F cén dé
gilf cho khung & trang thdi can
bing véi goc O = 45",

DS : F =4P.

Hinh 4.5'1
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4.3. Hinh 4.12 12 mot chiéc thang g#p. Tim luc F

ma thanh ngang tic dung vao thang theo tai P
va géc 6. |

3p
S : F = ? tan®.

4 4, Mét vong day cdp, trong luong P duge quang

vao mot hinh nén thing du‘ng c6 d6 cao h va

‘ban kinh mat ddy R. Tim sic cang T tmng

* day cdp khi né nim trong mat phing ngang,

4.5. Hai qua cau ﬁhé, khéi lygng m; va m, duoc

céch dinh 1a b (Hinh 4.13). BY qua ma sdt v6i _'
‘mat nén |

BS T——Bj—-
2nR

dat trén mot xi lanh v duge néi véi nhau bang

mot sgi day khong din, khong khai lucmg Tim
vi tri cén bang cua hé (Hinh 4. 14)

Xét hai trudng hop : trudng hop khong ¢6 ma

sdt va trudng hop cé ma sét vGi hé s6 ma sat

truot 1a p.

DS :a) mysino = mysing; ;

b) m(sinat | pcosuI) My (Sindy + pcosa,)-

4.6. Mif)t hé gom hai thanh ctmg, mdi thanh dai /,

khéi lugng m. Hai thanh lien két véi nhau va
v6i gid d& bing cdc khép néi hoan hdo. Kéo he
léch.ra khéi phuong thing ding bing mot luc F
nam nga{ng tdc dung vao 'ddu duéi cha thanh 2
(Hinh 4.15).

Hay tim cdc géc lech 8, va 0, khi he can bing.

Hinh 4.12

Hinh 4.13

Hinh 4.14

Hinh 4.15




Ggi_}f : C6 thé gjai bing ba cich :

Cdch 1 : Duing phuong phép cong do.
Cdéh 2 : Dlng [jhchHg phdp nang luong.
Ccf;h 3 : Dung phuong ;ﬁhfip dong 1.1;(: hoc.

bSs : tanel'ﬁ RF : tan92,= ili‘.

3mg mg | 5
4.7. Mot thanh AB nang, déng chat, ddu A -

luén tiép xic véi truc Ox,; dad B luon

tiép xic véi truc Oy (Hinh 4.16). Cho

mat phang xOy quay quanh truc théng

ding Oy véi van téc gbéc khong doi .

Hay tim vi tri can béng cla thanh. Bo

qua ma sdt véi hai truc.

PS : coso = —3~E~—

20° : '

' 48. Mot day cap khong khoi luong, dé

uén & mot cdu treo chiu mat tai trong

phan bé déu doc theo truc x. Trong

luong ca tai tinh trén mot don vi

chiéu dai cha day cdp i o va sic cing Ty

clia day cdp & tam cta cdu (tai x = 0)

Hinh 4.16

| Ty v
I

1a Ty (Hinh 4.17). Hay tim : '. 0
a) Hinh dang ctia cdp khi can bang.

b) Sitc cang T(x) trong day cép tai toa
do x khi cdp can bing.

; ' ; 2 i
DS : a) parabol ; b) T(x) = T ’l + %xz :
| | 0

~ 4.9. Mot day dai L nam yén trén hai mat
phing nghiéng mot géc o nhu (Hinh 4.18).
Day c6 khéi lugng phan b& déu theo chiéu

s -
X

" Hinh 4.17

Hinh 4.18
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dai va hé s6 ma sét nghi véi hai mat phing nighiéng bing 1. He c6 tinh chat
déi xtng phai trdi. HOi doan day / khong tiép xidc voi hai mat phing nghiéng
I6n nhit-bang bao nhiéu ? Géc o twong Gng bang bao nhiéu ?

]

ps : 1 m;._;;'—omL o =225,

4. 10 Mot soi day dugc quan quanh mot céi

48

- nghi giita day va toi l1a p, gbc o xdc
- dinh cung ctia tdi duoc quin bdi day.

i cd dinh nhu Hinh 4.19. Hé s6 ma sét

Mot ngudi khoé kéo day & ddu A véi=
mét Iuc bing F, trong khi ngudi yéu
hon chi cdn kéo ddy & ddu Bvéi motlye _
Fg nho hon, vira dii dé ngin can day : Hinh 4.19
khong truot trén toi. | '

a) Tim cong thic lién hé Fg voi Fy. -

b) Cho biét khi Og = E thi luc Fg = %Fﬁ_ Hoi mudn FE = T%EFﬁ‘ thi géc o |

nhé nhat phai bing bao nhiéu ?
21

DS :a)F,=Fge"";b) oy ==




‘ | Chun aé 5

CHUYEN BONG CUA VAT RAN
| cO MOT PIEM CO PINH.
CONG THUC CONG VAN 'r6c GOC. CON QUAY

CHUYE\J PONG KHONG GIAN CUA VAT RAN

1. Chuyén dong khong gian cia mot vat rin ¢6 thé xem 1a chuyén dfmg tcﬁng
ho‘p chia hai chuyén dong :

~ Chuyén dong tinh tién ctia mot diém bat Ki clia vﬁt (thudng 12 khéi tam). |

— Chuyén déng quay quanh mot truc di qua diém do, truc nay c6 the thay doi
phuong trong khong gian. -

2. Chuyén dong quay thudn tdy xdy ra khi vat ran c6 mot dlém cO cimh trong
khong gian. Ta chi gi6i han xét chuyén dﬁng nay. :

I - CGNG THUC VAN TOC GOC
L Cfmg thire

Goi (O) 1a hé quy chiéu (HQC) cO dmh Goi (O]) Ia HQC quay véi van téc -
g6c @ so vdi (0). Goi (0O,) la HQC duay véi van t6c goc @, so vai (O). Goi @y,
I van t6c géc cha HQC (O,) so véi HQC (Oy). Ta c6 cong thic :

By = By + By (5.1)

2. Thanh lap : Dé don gian, ta chon cdc

HQC quay c6 goc tai O va tai thoi diémt =10 g ¥
" céc truc toa do twong ting trang nhau (Hinh 5.1). )
- Xét hai diém A va B thugc HQC (O,). o . i
Trong HQC (0O) cdc vecto OA va OB
quay quanh O véi van toc goc @,. Tacd:
' O

a4

Vp = @, A OA Hinh 5.1

4, BD...CO HQG 3-A_ ' S | | 49



Suyra: - ) |
o *—*“"".--._'_{a)

~ Trong HQC (OI) ce’ic vecto OA va OB quay véi véan toc gnc 032] Tucrng tur

' nhu' trén ta cé

. T AR AR
Ap dung cong thite cong van tﬁ'c "’tuyel; dm = meg i + vkm mc,.;,_cho.célc '.
d16mAvaB tach: Y : |
Ty = Tp + & AOA
¥ = Vg + @y Q{(:TB'
Vo - Vg = Va- g+ B ABA ©

Thay (a), (b) vao (c) ta dugc cong thiic (5 1).

Il - VAN TOC VA VAN TOC Géc CUA Mf)T VAT RAN CcO MOT BIE:M
cﬁ DINH |

1. Gia sir O 1a diém c@ dmh ciia vat, A Ia mot dlém cha vﬁt OA

Tacé:

<

A = DA, (52

Trong d6 & 12 van téc g clia vat quay quanh
truc quay tic thoi di qua O (Hinh 5.2)
2.Néu A, B la hal diém cta vat th1 theo (5 2)ta cn

dAB . . | '
-"'EIT = Vg — Vu = ﬁ]!"\ﬁB (53} ' Hinh 5.2
IV - MOMEN PONG LUQGNG. TENXU MOMEN QUAN TiNH

1. Momen déng lugng cita mot vt d6i véi mot diém' c6 dinh 1 khai niém
quan trong nhdt ctia phin dong luc hoc clia chuyén dong quay ctia vat rén,

50 4.8D... GO HOC 3-8,



Lo = If Am¥; = Im;[§ A @AT)]
& sm,[6( 3) ~ §(5.0)]
- .Erni [rizfu - F(xjo0, + y;o, + zimz)l ' _(5...4)
' 2.Goi {0} a HQC ¢6 dinh c6 goc O tai diém c6 dinh clia vat. Goi &,, g, €, la

cdc vecto don vi, ta co :

EH
Il

L8 + L8 + L8,
B = 0,8 + 08, + 0,F,
.= XiE '{’."-:‘f'iég;r: + 28,
Thay vﬁﬁl{5.4) ta dugc 1
L, = lgxmx + Ix}rmy " Ixzﬂ?z'
Lj,_ = L0y 4 Iyo, + 1,0,

L, = Lyo, + Lyo, + Izzmz.

Vei

v 2 2 I

Ixx' = zmi{:i":' T z’i} Ix}, = [}.x = -Emixi_y; |
L,y = Zmi(zf + x;) va {1, = L, = -Zmy;z (5.5)
L, = Emi(x? +: }'i?) Iy =1, = '_Emizix_j _

3. Nhu vay, trong trudng hop tong quit, vecto L va vecto ® khong tring

* nhau. Mat khic, vecto L lién hé véi vecto & qu}.»l mot dai luong goi 1& tenxo
. momen qudn tinh, ki hiéu 1a [ I ] gdm 9 thanh phén thuong dwoc vi€t dudi dang
mot ma tran nhu sau : |

Al Ly L , -
[I] = [Tyx Ly Iy, (5.6)
l\sz Izy I,
va . L = [I]® | G
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Thuat nglf tenxo ¢6 thé lam cho ching ta sg. Chiing ta chi cdn biét ring dai
luong tenxo 1a mot ma tran va khi né tdc dung lén mot vecto (vi du vecto @) thi.

cho mot vecto khac (vi du vecto L xem cong thuc (5.7)). Hon nita trong phan sau
" ta s€ tranh Khong diing dén né.

V - TRUC QUAN TiNH CHINH. MOMEN QUAN TiNH CHINH
1. Truc quéan tinh chinh - . _
Ngudi ta chitng minh duoc ring doi véi vat ran ::6 mot diém c6 dinh O, tén tai I

“ba truc quay (hay ba huﬁ‘ng- clia vecto @) vudng géc véi nhau timg doi ‘mot, ma

d6i v6i ching hudng cia vecto L tring véi huodng cita vecto @. Truc c6 tinh chat
nhu vay goi la truc quan tinh chinh (goi tat 12 truc chmh)

2, Momen quan tinh chinh

Néu ta chon HQC (O') ¢6 géc O tai dlém ¢6 dinh, c6 cdc truc O, Oy', Oz'
tring v6i 3 truc quén tinh chinh cha vat thi HQC ((0") duge goi la "HOC vat', con
ma tran [I] s€ c6 dang hinh chéo : :

| (I, 0 0) |
[i]={0oL 0 . (5.8)
001 -

Cac dai 1tr¢ng I, I, I duoc goi la nhﬁng momen qudn tinh :.;:hfnft clia vat \fﬁ
- méi lién h¢ gitra vecto -f va vecto ® s€ don gian hon nhi&“u..
Li=Lo ;L= Lo, ; Ly=Lan, 5 | (5.9)
va L= @Go)Ee + o), + Lo, . (5.10)
Néu vat quay quanh mét truc quén tinh chinh, vi du nhu truc OZ' thi
Wy =0y =0 |
L = L;o48, hay L = 1&

V61 [ 1a momen quan tinh ctia vat d6i véi truc quay Oz' va 1a mot s6'vo hudng.

32



3. Vidu .

a) Hinh chit nhat c6 tam O ¢6 dinh. Céc truc quén tinh chmh la truc Oz' va hal
truc Ox', Oy' song song v6i hai canh (Hinh 5.3).

| /+\ | | y |
<A , ' ,;f'_t,r" _. ’ "t

\."--_,_i_._-/',
1
] 1.7
: .{)F" i
T : A ' —;?1 . G
9] %' ,r"'J' - ' ;
. .i"ri‘ I—-‘h\ %
: £ \‘i"/ .0 -
; . i " . ; L L
Hinh 5.3 ' Hinh 54 ' Hinh 5.5

b) Hmh tru ¢6 tam O cd dinh. Céc truc chinh 13 truc Oz’ va hz‘u truc vuéng gt:-c
~ bét ki ndm trong mat phéng (x',y") (Hinh 5.4).

r::) Hmh-vuf}ng c6 diém cd dinh O & mot dinh. Céc'tmc chinh la I:rl,llc Oz, truc
~  qua khdi tam Oy' va truc vudng goc v6i truc nay (Hinh 5.5)
VI- DONG NANG CUA VAT CO MOT DIEM CO DINH

1. Trong HQC (O) ¢6 dinh ¢6 g(ﬁc tai O, dong nang cla vat dir{_:fc cho bdi

1
By = S (Lpwy + Iyop + L,07) + 21, J0,0, + T,00, + Iyzmymzj
&L | | (5.11)

LS

hay Ed = %

2. Trong "HQC vat", tic HQC {O) cong lhuc unh déng ndng cla vat trd nén .
dﬂ'ﬂ gian. That vay :

o
E, = -l =
¢ 79

E; = %(_Ilmf + Lot + T,o8) ~(5.12)
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VII - (:AC’ PHUONG TRINH OLE (EULER)

1. Cach thanh lap
a) Gm C@) 14 HQC cd dinh ¢6 g{‘i{: tai diém c6 dinh O clia vat. Ta co :

(%), =
' (O)

| dko 12 van tdc tuyét doi cf:a d4u mut vecto Lo.
dt Joy

_ b) Goi (0") 1a "HQC vat" c6 gﬁc tai diém cd dinh O. HQC (O) ga‘in v6i vat nén
quay quanh O cung véi vat Vo1 van téc goc M '

(Ecl;t_ﬁ] la van t6c twong ddi clia ddu mut vecto: E_{). Ap dung cong thiic
©

cong vén toc ta viét :

Suy ra: [-%‘l) + dalo = Mo. | (5.13)
b i .

Trong HQC O' thi mdi lién hé giita hai vecto Lo va & trd nén don glfm

Do d6 ta c6 thé chidu phuong tinh (5.13) lén cdc truc Ox', Oy', Oz' dé dugc cic
phuong trinh dai s6. Vidu : .

: d o
Ox': M; = 5(110)1) + (0Lg ~ o3ly) =L+ mzm3(13—12l].

2. Céc phuong trinh O-le :
Lam tuong tu d6i véi Oy' va Oz, ta duge céc-phuﬁng trinh :
My =La - (G - Boyos |
M, =L 0y - (I3 - 1wz, - (5.14)
M; =Ly 03~ (I ~ L)oo,

- Hé phuong trinh (5.14) goi 1a cdc phuong trink O-le.

+#




Néu vat quay quanh mét truc chinh, vi du truc Oz' vdi van téc goc khong déi
thitaco: _ |
| W=y =0 G}3 =0.
Thay vao (5. l4} ta dugc : M; = M, = M3 = 0. Tir d6 ta co dinh nghla khéc vé
truc quén tinh nhu sau : | o
Truc qudn tinh chmh la truc ma vt cé thé quay quanh né véi vdn mc gbc

e khﬁng déi ma khong sd‘ﬂ den ba: ki mamen !Lﬁ: nd'a

) CUN QUAY. CHUYEN PONG TIEN BGNG

Ct}n quay I mot vit rin quay quanh mot dlém c6 dmh nim - trén t truc quay,
truc nay c6 thé thay d6i phuong trong khong gian. Ta han ché&, chi xét céc.con
'quay cé hinh dang déu quay quanh truc déi xding ciand. |

1. Tac dung cua luc 1én truc quay

Ta xét mot con quay cé tam cfi.djnh O
tring v&i gdc toa do ciia HQC (O). Gid sir ta tic

—r

dung mot luc F lén truc clia mot con quay
dang quay nhanh (H‘mh 5.6). Momen cua luc

F. d6i.-v6i tam O c6 tri s6 Mg = Fd. Ap dung
dinh 1i bién thién momen dong lugng ta duoc :

—.  dLo _.  doP
Mo = — ha :Mo = —
Cdt y dt

Tr{:-ng d6 Lo = OP la vecto momen dong lugng cia con quay d6i vdi
~ diém O, vac:m L{) trang véi vectd ® nén nim trén truc chinh Oz con P la diém
miit cla vectﬂ. Lo. Vi dao ham clia vecto OP theo thoi gian 1a van téc Vp cla
diém P, néntac6: |
. ¥p = Mo BNGRE)
Dang thitc (5.15) chitng to réng van téc cia diém P trén truc quay clia vt

d6i véi tam O bing vecto momen ctia ngoai luc d6i vdi tam dé ca vé do 16n lan
huéng. Do d6, diém P va ci truc quay cia con quay s& chuyén dong theo huéng

cua vecto Mo‘
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i Nhur vdy, néu ta tdc dung len truc clia mét con quay dang quay nhanh mot luc -
thi truc quay lai khong chuyén dong theo huéng clia lue ma theo hudng clia vecto

momen Iuc., Kiéu chuyén dong nay cua truc quay goi la chuyén déng :zen d‘éng
Truc Oy' gm ia truc tién dong, truc Ox' goi 1a truc momen.

" Theo {Iang thic (5.15) ta suy ra duge mot két qua quan trong nita 12 : khi luc |
thoi téc dung thi c& Mo lan ¥p déu bang 0, do d6 tryc quay dimg ngay lai. Néu

luc téc dung 14 luc tic thdfi (luc va cham) thi truc quay hdu nhu khong déi huéng
Day 1a tinh chdt on dinh ciia truc con quay khi quay nhanh x

.2 Chuyé"n dong tién dong cia con quay

Xét mot con quay c6 hinh dang déu, khéi
‘lugng m véi diém c6 dinh khong tring véi khéi-
tdm C. Gia sir con quay dang quay nhanh véi
van téc géc quanh truc d6i xiing- Oz' cla né,

truc ndy 1am mot géc o véi truc ¢ dinh z thi
khi tha ra, truc clia con quay s€ quay xung
quanh truc z véi vﬁn toc géc € va vach -nén
mot mat nén

=Y

‘Ta hay tim van téc géc Q cua chuyén
dong ti€n dong ciia .con quay. Goi (O) la
HQC ditng yén, (O) 1a HQC quay v6i van T Hinh 57

toc -gdc Q quanh truc Oz cta HQC (O)

(Hinh 5.7). Ta c6 :
{dLD J _ (dLg} B
dt dt '
) ©) =

Néu con quay quay nhanh vit @ cha n6 giam cham tmng mat chu ki tién
dong thi :




Thay ED = Iwé,. vao, ta.dugc :

—_—

MC, = IwQsina.

Mo = IoQg, A€, hay

Phtrtmg trmh (5.16) duoc goi 1a phuong trinh chuyén dong ciia con quay

mgr

Tit phuong tnnh (16} suy ra: Q = I
(0

Phucmg tnnh (5 17 cho thay con quay quay c&ng nhanh thi chuyén dfmg tién

dong cang chim va ngucrc la1

3. Hléu u'ng G}fruscﬁp Ngﬁu Iuc Gyruscfsp

a) Hiéu ting Gyms;:ép

_ Ta l3m mot thi nghiém don gian
| {iung tay ndm hai ddu truc AB trén do da
1&p mot banh xe C ¢6 & bi. Néu banh xe -
quay nhanh thi khi cé ging quay truc AB

_ trong mat phing nam ngang voi vin téc
© gbe Q nhd s& dén dén mot hiéu ing thd vi

nhu sau : Truc quay ¢6 xu hudng ot ra
. khoi ban tay va quay trong mdt phéng
thang ding. N6 tic dung' vﬁo ban tay

‘nhitng luc xdc dinh Fa va FB |
. (Hinh 5.8). Ta cam nhan dugc mot chch
rd rang 1a phai ding sic dé gilt cho truc
" banh xe nim trong mat phang nam ngang.

— Xét mot gyroscop quay nhanh dugc
gin vao mot vanh bing cic 6 bi AvaB
(Hinh 5.9). Néu ta cho vanh quay quanh
truc CD véi van tc gbe Q (Q << ) thi truc
- gyroscop chuyén dong tign dong va diém P
(dau vecto L) ¢6 van téc vp'-':: [Qsinat.

—a

Theo cong thic ﬁc_;. :"dzt{]

c6 gid tri bing Mg, = vp = IoQsina.

ta suy ra 12 tru-:: phai chiu mdt momen téc dung



R& rang 1a momen nay do céc 1@: 63,‘ va EjB ma cdc 6 bi A vi B tdc dung
Ién truc gay ra. Vi khéi tam clia gyroscop ding yén tai cho, nén tﬁng céc lye Q A
va QB bang 0, do dé cé-: luc nay tao thanh mot ngau im: v6i momen M va c6

chiéu nhu var téc Vp.

b) Ngau luc Gyréscop

-

| Theo rjmh luat IT1I Niu-ton, truc: cha gyroscop ciing tic dung trdy 1a1 cdc & bl
. 'va B cdc luce FA v Fp ¢6 do 1on bz‘ing QA va QE nhung nguoc chléu Ngau luc

(F,a., FH) gm la ngau, e gymscdp, mﬂmen clia né goi 1d momen gyrﬁsaﬁp

Tu. do suy ra quy tdc Ju-cop-xki : Néu truyén cho gyrﬁscap :i‘ang quay nhcmk':'. :

- mot chuyén déng tién dong cudng biic thi s€ c6 mét ngdu luc tdc dung lén cac d’ bi

- da truc gyrdscop. Momen ndy c6 xu hudng bdt truc. quay r:eﬁ:g phdi tién 16i song

song véi truc tién déng theo duong ngan nhar sao cho cdce vecto @ va 0 tring
‘hucong nhau.

- ¢) Vi du Xet con tau cha}* bang
_ tuabin ¢6 r6to quay véi van téc gée &
(Hinh 5.10). Gia sl ngudi 14 tau ré-
con tau sang mét bén thi khi d6 s€ xudt
hién mot 'pgﬁ_u lue Fava ng co hudng
nhu hinh v& tdc dung lén & bi A va B.
Céc luc nay c6 thé rédt 16n, d6 1a diéu |
cdn chdi ¢ khi tinh todn céc & bi. Fg
- Ngéu lyc gyroscop truyén qua & bi |
dén than tau va néu tau qud nhe thi duodi tdu hoac mii tdu ¢6 thé bi chdi
xuéng. Higu ting nay con thdy c& & cdc mdy bay nhe mét dong co khi luon vong
(Hinh-5.11). |

Hinh 5.10
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BAI TAP
5.1. Mot qua cdu déng chiét, khéi lugng m, ban
kinh r, lan khong truot trén mot mat phing
* nAm ngang vd quay xung quanh truc nam
ngang OA (Hinh 5.12). Khi dé, tam ciia qué
cdu chuyén dong véi van tdc v theo mot
dutng tron bén kinh R Tim dnng nang cua o _
quﬁ cau. _ A Lo o _'anhlj.,f_j

o 2 2 o -
- bS: By =-E'i-[? + ZL] . S |
10 R? | R
5 2, Mét chiéc phéu hinh nén Gum: bit dﬂu vit -
dugc 4o bdi mot truc (Hinh 5. 13). Néu ta
quay nhanh phéu xung quanh truc déi xiing
cia phéu véi van téc géc o thi chuyén
dong ti€n dong s€ cung chiéu hay nguoc
chiéu quay véi chuyén dong quay @ ? .
bs : Ngm:rc chiéu. o . , Hinh5.13 .
5.3. Mot vat rén gém mﬁt nita qua cdu dong Az
- chdt, khéi luong m, ban kinh R = 8 cm, gan
~ vio diu cta mot thanh CO, dai h =5 cm, S5
khéi lugng khong déng k&, coi 12 truc ké t 0
tam C clia toan bo qud cdu (Hinh 5.14). ~ N\
Ngudi ta cho né quay quanh O bang cédch 0
truyén cho né mot chuyén dong quay riéng,
nhanh va nghiéng mﬁt goc 6, so véi

sl

phucmg thang dung Tim Hinh-5.14 -

a) Biéu thuf:. clia van tf}c g6c cua chuye:n dﬁng ti€n dong ciia vat.

b) Van téc gbc Q, biét rang van tﬁc gée duoc truyén 1a 100 vong/s. Suy ra chu |
ki clia chuyén dong tién dong clia truc quay.

h+§-13—

e(n+ 3
DS a) Q= 5
’ ) ERECIJ

J;l::-]TMIIISE;r.
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'5.4.Xét mot bo gém N con quay ddi xing, truc

giong hét nhau, con quay duéi ciing tua lén

‘mot mat ban nhin, khong ma sit. Méi con

quay dugc n6i véi con quay & trén nd bing
mot truc.quay tu do. Géc nghiéng clia cic

con quay déu hhu nhau. Khéi tam cta méi
con quay nam & trung diém cua truc d6i-

: xu*ng clla nd (Hmh 5.15). Nguoi ta muf}’n

- quay, trong dé khoi tam clia méi con quay .
ding yén trong khi hai ddu con quay thi
chuyén dong trdn v6i van téc goc 1a Q.
Cho biét van t6c géc chia con quay trén.

tao ra chuyén déng tién dong clia céc con

cing 1a . Hay tim van t6c géc o; cha con
quay thi i, tmh ti trén xudng nhu l1a ham
$0 cua @,

DS 1w, = (2i - Do. o
: - 5.5.Mo6t con quay'_dun gian, d6i ximg, gdm

~diém ciia tharh (Hinh 5.16). Con quay

mot dia, khéi luong M, ban kinh r vA mot-

thanh hinh try, khéng khéi luong, dai /,
ban kinh a, gin vao tam cta dia tai trung

quay véi téc do I6n o(t) va duge dat

. nghiéng mot géc 8 d6i v6i phuong thing

~ ding, trén mot mat phing nim ngang c6 -
ma sat v6i hé s6 ma sdt nhd. Gia st ring
t6c do giam w(t) 1a nhd trong mot chu ki

60

tién dong.

a) Hay miéu ta toan bo chuyén dong sau d6 ciia con-quay.

b) Tinh t6¢c do géc Q clia tién dong cham.

/ 2

DS 0= —E gt =2,

r“m gl

Hinh 5.16

) Tinh thoi gian d€ truc quay riéng (truc spin) trd nén thing diing.

e ¥



=1

. 5.6. Mot tdm go mﬁﬁg, hinh chif nhit, tim O,
~ khéi lugng m, cdc canh a va b (b > a)
(Hinh 5.17). Bd qua trong lugng cia tdm 26.

a) Cin phai ‘ding mot momen quay 6
hudng va do 16n thé nao d€ giit cho tim gb . L
quay quanh mdt dudng chéo voi vin toc - Hmh5.17
géc & khong déi ?- S R

b) Khi 4y vectﬂ momen dﬂng luufng clia tﬁm gi’r dm véi tam D cé df_‘m lcm va i
huéng thé nao ?° - - | |

| 'c) Dﬁng nang cua tﬁm gfh bdng han nh1éu -
- d) Cung ciu hm trén nhung t&m g{) hmh vuﬁ'mg (a = b)

- BS:a) M3—m(b )azbm b)L-imabm ;C) Ed = 1 Ta_b 5 2.
' 12(3 +b°) 12 24 (@” + b%)
2 o
. ma2
d)E4y = —.
D Ea =

5.7. Mot vat rén dugc cdu tao bdi ba khai lugng
n6i véi nhau bing ba thanh ciing, khong
khéi lugng, thanh hinh mot tam gidc vuong
can v6i canh huyén bang 4a. Khéi luong
tai géc vudng la 2 m, hai khoi luong con
lai 1a m (Hinh 5.18). Gia sir réing vat ndi tu
" do trong khong gian (hodc vt dugc treo
“vao mét sqi day dai budc vao khéi lugng
C). T4c dung vao khéi lugng B mot xung

H:‘nhf._.l’r? ,

—

luc F theo hudng dam _ﬁu trong to gidy. -
~ Tinh van t6c cla ba khéi lugng ngay sau -
khi xung luc ngimg tac dung theo xung

lugng cita lyc P = F.AL | . 4

PS:9,=0;9=

o1
2w
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5.8. Mot truc khong khéi lugng, mot ddu gin
vao tam cua mot banh xe, diu kia gan vao
'moét chét quay & mit dit (Hinh 5.19). Banh
xe 12 mot dia déng chét, ban kinh r, khdi
lwgng m, lan khong truot- trén mat dit va
diém ti€p xic vach mot duding tron wfu van

- toc géecla Q2.

a) Chﬁng minh rang vecta @ Clia bz’mh Xe hu'cfng sang phai (taI thén dzém chi
- Q G . L
tanB

Hinh 5. 19 '

trén H‘nh 5. 19) va cﬁ dﬂ I6n o _—
b) Chung mmh rin g hrc phzip tuyén gifta mat ddt va banh xe 13 :

. " . . . | . 2 3 3 . 1 . .i . - H '

N = mgms 0 + mrQ -2-—1::05 0+ E_cosﬁ.sm 0.

| 5 9. Xét mot vat ¢é dang qua cdu dic,

khoi luong m, ban kinh r vd mot

‘thanh ciing, khong kh6i luong, cim
xuyén tam vao né. Pdu ty do cha
thanh quay quanh moét chét cim
trén mat dat (Hinh 5.20). Qué cu -
lan khong truot trén mat d&t véi tam
C clia né6 chuyén doéng trén mot o
duong tron ban kinh R véi van téc . Hinh520-

~ gbe Q. Hay tim : | | |

a) Van tdc goc ® clia vat, |
b) Luc phéap tuyen N gle mat d‘ﬁt va vat,

DS a) o = Bﬁ ;b)) N = mg + —Zmrﬂz.
-, r .. '
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DAO PONG CO
A. PHUONG PHAP SO PHUC

I~ VECTO QUAY VA CAC SO PHUC
1. Gid sit c6 mot diém P chuyén dong véi
van toc géc o trén dudng ron tam O, ban Kinh
OP = A (Hinh 6.1). Vecto vi tri T = OP Ia
mot vecto quay, toa d¢ ctia hinh chiéu PyvaPy |
. cta diém P trén truc toa d6 12

x = Acos(ot + @) s = -
: 6:1) e
y = Asin(ot + @) -, Hinno.

=¥

5,

Cic phuong trinh (6.1) cho thdy céc hinh chi€u P, va P, dac dong diéu hoa.

D6i véi muc dichaighién ciu dao dong diéu hoa thi phuong trinh x = Acos(wt + @) .
la c6 ¥ nghia vat li, vi dao dong diéu hoa chi xay ra trén truc x. Con phuong trinh
y = Asin(ot + ) thi bd qua, vi chuyén dong trén truc y 12 khong c6 thuc.,

2. Goi i va j 12 hai vecto don vi trén truc x va y. Khi d6 vecto T dugc viét thanh :
s = nT% y.] - | | (6.2)
Nhung ta cling ¢6 thé dinh nghia vecto  bing mot cdch khdc nhu sau :
| F=x+jy. | (6.3)
Véi mét quy udc ban ddu phi hgp v6i phlmng trinh (6.3) nhu sau :

a) Su dich chuyén x du’dc thuc hlén theo truc X ‘ma khoéng kém theo maot thﬂa
s0 dac trung nao.

b) SG hang jy duge hléu nhu 12 moét chi din @€ thyuc hién dich chuyén y theo
trucy.
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Thue ra khéng cin thiét phai diing fkf hi¢u vecto di kém ma ¢ thé dua vao mot
s0 phitc Z déng nhit v6i T duoc hiéu la két qua chia viée cong jy vdi x.
Z=X+]y | (6.4)
" 3.Bay it ta md rong cdch gidi thich ki hiéu j bing cach xem né nhu mot s
chi ddn thie .-hf‘érz mot phép quay 90° theo chiéu duong (tic la nguce chiéu kim
~ dong ho) trén bt ci cdi gi ma né ding trudc. ;
Vidu:

_ HJ bé thanh mp mét dai lmzzrng jb, ta thuc h1én dich r:huyén b doc theo truc x;.
rfn quay 90°, cudi cing thanh dmh chuyén b theo truc y.

b) Pé thanh lap mot dai ll.rl:mg ] ’b véi ] (ﬁ:\} Hal phép quay 90° lién tiép c:i.‘lng :
chxéu bién déi dich :hu}rén b theo tryc x thanh dich chuyén ~b theo truc x.

ib=-b
==l o ' | (6.5)
c) Gid st ta c6 vecto Z = a + jb. Khi. dy jZ sé lagi? |
| iZ=j@a+jb)=ja~b=-b+ja
' Ta théy jZ 13 mot vecto c6 duoc

bang cdch quay vecto Z di mot géc y4 YA _
90° (Hinh 6.2). ' SR /- .
- Chiing ta dang di trén cly cdu béc - i : . il
qua dudng ranh giGi gitta dai sd va By ) % E
hinh hoc. Tai v du c) néu cdc dai ~-b O X O 3. &
lugng a va b 14 cdc 6 thuc, thi td hop Hinh 6.2
Z = a + jb ]a mét s6 phitc. Nhung
theo ngdén ngit hinh hoc thi Z ducﬁ: xem nhu moét su dich chuyén r = a? + b

doc theo mat truc lam véi truc x goc O vdi tanb = E.

4. Trong phép biéu dién vecto bing mot sd phiic ching ta cé mot cch lua
¢hon ra phén thuc thich hop vé phuong dién vat If cho muc dich khéo sét dao dong
diéu hoa. N&u sau khi gidi bai todn vé dao dong diéu hoa bing s6 phite, ta duoc
dap s6 1a mot s6 phiic Z = a + jb, trong d6 a va b la cdc s6 thuc, thi a 1a dai luong
ma ta mong dgi, cén b bi loai bo.
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Dai luong jb 12.s6 40. Thuat ngit ndy rdt phit hop v6i mot phan khong thyc cta

chuyén déng hai c_hiéu titc 1a phdn y = Asin(ot + @).

1 -SO MU PHUC

Su phat trién ctia s6 mil d3 dén dén s6 mil phirc, tic 1a céc ham mi tmng do sf}
mi 12 s6 40. Chiing ta bt ddu bﬁng viéc khai trién Tay-lo ham sin va cosin :

@ ¢
- sinB =68 — — + - +
=3k -, 3l 71!
B 4
: cos9 = | _.E}...; B_ e
2! 41
e iy
' & j0 - j0
cos + jsin® =1+ jO- + (] ) (J )
21 31
. i
_ (i0) o0

, _ ' -f:usﬁ + jsinf = ejB
* Cong thiic (6.6) goi 1a h¢ thic O-le. Day 1a mot

két qua rdt 4n tugng. N6 cho ta mot mai quan he gura
.. hinh hﬂ(‘: va dai s6 (Hinh 6.3).

| "0A = cosf
OB = jsinf
e = cos + jsin®
A s
N 61 mot cach téng qﬁét, viéc nhdn mc_.ﬁr 50 phitc Z

véi &% c6 thé duoe bidu dién vé mat hinh hoc bing
mot phép quay vecto ma Z mo td di mot géc 6 theo

chiéu duong ma khong lam thay doi chiéu dai vecto .

(Hinh 6:4).

5. BD... COHOC 3-A

(6.6)

—————————

jsinf

Hinh 6.3

YA

~y

Hinh 6.4
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That vay :
Z =r{cosp + jsing) = re’?
R Zejﬁ = r(cos@ + jsing)(cosB + jsinB) = r[cos(p +0) + jsin(g + 0)]
" rel? o = @+ ©)
-' m SU DUNG 36 MU PHUC

‘Tai sao viéc dua vio hé thfr:: O-le la1 la mﬁt dnn-:r gép quan trong trong viéc
khao séat dao dﬁng diéu hoa ? D6 la vi ham mi c6 mot tinh chat rat dac b:él do 1a
sur tdi xudt hién cita nd sau moi phep tinh vi phﬂn hay tich phan.

- Vidu:

X = Acos(mt + ) &> Z=X+Jy= Aej{'t?t 9
o - dZ . ot + @) . '
v=X =-0Asin(ot+¢) T = jwAe = joZ
- > 4’z 2
a=x"=-0 Acos(wt+¢@) < E"'_ = -7
: t

(j twong dwon g v6i phép quay theo chiéu + di 90°).

IV - CAC PHEP TINH VoI SO PHUC

1, Cdc cdch biéu dién mm ad phuc
a) Z=X+jy (trong toa do bé- cac)
.b) Z =r(cosB + jsinB)  (trong toa dod cuc)
r £0i la modun ctia 6 phiic Z
5! gqi la argumen cla s6 phic Z.
¢) Z=1e",
2. Cac phép tinh
a) TAng cha hai s6 phiic
Z=21+2Z,

Z=(x; 4]y + (X + jy2) = (X) + X9) + j(y; + ¥2)
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Phén thuc bang téng hai phan thue.
Phén 4o bing téng hai phén ao.
b) Tich clia hai s6 phitc
| 7=2,7,
K Z, = rlej_ﬂ' .rgajﬁz = rirzai{af * By
Modun ctia Z béng tich cdc modun
ArgZ = Arg ZI.-t- Arg Z;.
¢) Thuong clia hai s6 phitc
 glAlnge-w
Zy 1.
Modun cha Z bing thuong clia hai modun
Arg Z=Arg Z, - Arg Z,.
d) Hai s6 phitc (a + jb) va (c +jd) bang nhau khia=c va b d.
e) Sﬁ phiic lién hop

So phuc Z =X — jy la s& phiic lién onp cia s6 phiic | Z.

ZZ =
Khi ¢6 mot phan s6 .'_ 'd th;l cdch t6t hon ca 14 nhan phan sé 46 v6i s6
c + ]' 2 |
phﬁc lién hop clia miu s6.
~a+jb _ (a+ jb)c — jd) _ ac + bd jh::wad'
c+jd o Sy d? & w @

V - PHEP BIEU DIEN PHUC |

L I}i_éu dién mot ham so dang sin'blﬁng sO phiic

Cho -rmjt ham s6 dang sin : x = Acos(®t + @)

Ta 6 thé lam twong trig ham nay véi mot s6 phitc Z

7 = Ae®* D = Afcos(at + @) + jsin((ot + ¢)].
x tuwong ting v&i phidn thuc cta Z.
7 6o c6 thé viek thanh : Z = A&, |
_ "



Trong céch viét nay thi phan hay nhat 1a A.¢*® vi n6 chira thong tin chti yéu, :

cho phép ta biet duge bién d6 A va géc léch pha ¢ dac trung cho x. Nguﬁi ta goi

A¢? 1 bién do phitc, ki hicu 12 A : A = A. ¢ trong d6 A la modun clia A va o Ia
arg cua A Z PEN A '

2. Dao ham
X = —Awsin(ot + @) = Amcos(mt + (p. % -;—]
% 12 phén thuc cha L)

dt

.n:' IR
dz o
) E‘ “" ;al{ﬂﬂ jm : = Amjﬂj¢ﬁjm't

Ta lam wrong tng né véi mot bién do phitc j wAe!® = j wA.

dZ
— & jeA
dt J :

3. Tich phan R
B A -
det = —gin(®t + (p) —Cos mt +0.—- —|1a phén thuc clia

; wia s ﬂ:.
AJ(WI+"P*“] A=k
IZdt = —e\ 2) o B ipgion
® o)

2 M

i'(_j)ejkﬁ o Lot
o ()]

Phuong _tr‘inh vi phan AX + Bx + Cx = D'cdsmt cd mot nghiém dac biét
dang x = x;,cos(@t + @). Nhing s6 hang ctia phuong trinh vi phan c6 thé xem 12
nhiing phén thyc ctia s6 phic. Diéu dé cho phép viét mot phuong trinh lién hé cdc

s0 phiic nay. Khi 4y c6 thé khir thira s6 ™ & tat ca céc s§ hang va chi con lai mot
phuong trinh lién hé cac bién dé phiic. '
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B. GIAI CAC PHUONG TRINH CUA DAO DONG TAT DAN VA
DAO DONG CUGNG BUC BANG PHUONG PHAP SO PHUC

I-DAO DONG TAT DAN (Hinh 6.5)

1. B = -b¥.
2; Dinh luat II Niu-ton |

—

.ma'=mg+Fc+F;x.

Ox : fix = g—bx—k{x+xﬂ}
= (mg —Ikxﬂ) - mk - kx. Hinh 6.5
% 42k 4 L
m m
X+ 20% + 03x = 0 ", N
Véi A = zi; o = = | - (68)

m m _
bit x=e" trong d6 r thude tap hop s6 phie (r 0y
Tacé: r'+21,r E—ﬂ){} g ., ", o . - (6.9) .

Phuong trinh (6.9) gm la phuong trmh dac trung ciia phuong trinh vi
: phan (6.7).

3. Giai phuong trinh dac trung
a) Néu A' = i mﬁ > 0 hay néu A > o, (sy tit dan quan trong), thi phuong
trinh (6.9) ¢6 hai nghiem : -

I = ~.l + \,’}LZ — m%
'p = —A - «.,'12 - {ﬂ%

Nghiém téng quat clia phuong trinh (6.7) dugc viét thanh mot td hgp bac nhat

chia hai-nghiém co s& €' va e?' hai nghi¢m nay hgp thanh mot nghiém co o
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dy ngoai m{}t nghiém co s& clia phuong trinh (6.8) la Ae !, nguoi ta thﬁy Bte

2, 2 2 2
E:_M[A.e‘jl T Ot Be VM T “‘ﬂ‘} (6.10)

- Con lac [r{:r vé vi tri can bang ma khﬁmg dao dong.
b) Néu A= 0 hay ‘A = ®,. Phuong Irmh dac trung cé nghiém kep r=—h. Khl

ciing 1a mot nghiém cua phuong trinh (6.7). Nghlém tﬁng quét la
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x—{A+Bt)e (6.11)
Con Tc & 4 ché do t6i han. N6 tr& vé VTCB v6i thoi glan ngin nhét,
¢) Néu A" <0 hay A < g thi lyc tat dén 1a yéu.
AR 2 —(mﬁ - Rz) - jz (m% . -'?Lg) - 'jzmz.
«[Enij@;m: n}g —12_ (6.12)
Phuong trinh dic trung ¢6 hai nghiém : |
Ip=—A +jo
I = —A — jO

Nghiém tdng quat ctia phuong trmh (6. 7’) dudi dang phiic :

‘Z=e™ (A + Be ™) v6i A va B I nhu‘ng s8 phitc khong phu thu&c t

Hay : Z = ae™Mel(@t ¢)
Phén thuc : x = ae™ cos(ot + ®) | | 6.13)
Con lic dao dong diéu hoa tat dan. | |
' 2n 2 2n
— Gia chu ki : T = = > Ty = —
o RN e Wy
— Luong giam loga : & = In __ﬂ,t.)“__ = Ine*’ = AT
x(t + T) .
§=AT | (6.14)

Bién do giam theo quy luat ham mii.




4, Cac d6 thi (Hinh 6.6 va Hinh 6.7)

XA

o .. ae”}

Hinh66 - TR g Hinh 6.7

11 -DAO BONG CUUNG Bﬁc %

' 1. Luc cudng bikc : F= Fﬂcesmt

'L’grc tat dan : Fc = —bV

2. Pinh luat I Niu-ton

Ox: mX = rﬁg - k(x + Xg) = bX '+ F, cosmt

| i ; | E '
=—kx-bx+Fycosot <> X + 2Ax + m%x = Lcosmt  (6.15)
’ m ;

o b - B s ~ . ]
V& A = — ; iy = —. _ . 6.16
: 2m ¢ m o ( )-

3. Giai phuong trinh (6.15)

Trong ch& ﬁﬁ cudng. bﬁ'ﬂ 6n diﬁh nghiém ctia phuong trinh (6.15) c6 dang
x = Acos(wt + @). Co thé giai phtrcmg trinh (6.15) bang phus:mg phap s6 phifc.

Luc cudng bitc F = Fgcosot ¢6 thé xem nhu 1a phan thyc ciia mot dai lugng
phtic F.e™ va nghiém x = Acos(wt + @) c6 thé xem la phdn thuc cua dai luong phic
7= AeOH®) _ AcII®  trong d6 dai luong A = A’ goi 1a bién do phie clia Z,

I

g
(o]

=
E
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Phuong trinh (6.15) viét duéi dang phitc thanh :

2 2 A : . -~ H A :
~0“Ae’™ + 2% joAel®™ + of Al

T (@R - o + 2joM)A = R ;
B
R o
((og - mz) + j20A .
F
” m

Suy ra : _A. - [ﬁx

N - o) + le?

(}.Ejmt

m

argA = ¢ = {] = arg[(&';% = mz)l + ,j2m1:|

: 20A
tang = ——2‘“—'"—2—'.

I1I - SU CONG HUGNG

Xét diéu kién dé A dat max’
o A. | 2
bat - y = 20 . {(mﬁ = mz) + 430

3

Ir::.
Lt
|
|
|-—l
 ————"
——
(%1

3

= —-2[({0% u m'?f + 43{2&32] 2(@2 ~ w0 + 212) = 0

= 00 = B — 285
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6.17)

6.18) "

2 20 2 o
wp — o) + 412.&;2] [z(mg - o’ )(-20) + 83.21'.0:[ =0 -




Khi ® = @, thi y' =0 va A dat max AN
o
A - . 1m

max Wr—— |

Fo _ (Hinh 6.8)

. . 0 o
b (ﬂ% o __P__E , O mth'm:]'

" Hinh68

=2 4

" €.CAC DAO PONG TU LIEN KET VOI NHAU THANH CHUGI.
'~ cAC MODE CO BAN. CAC TAN s® cUA MODE

C6 mot s6 rét 16n N cdc hat chuyén dong dum: mdi hat c¢6 khéi hmng m,
vai-N + 110 xo gléng nhau khong khdi luong, ¢6 do cing k. Chiing dwgc n6i thanh
chudi, diu va cubi ciia chudi duwoc néi véi hai hat cd dinh (hat N'= 0 va hat N+1)
(Hinh 6.8). Chudi nay duqc ding lam mo hinh dé xét cdc mode dao dong ciia mot
- tinh thé mot chiéu. Khi.ta lam cho chudi dao dong, dao dong clia chudi 6 thé xem
14 su chéng chap ciia nhiéu mode, mdi mode cé mat tan s6 dac trung riéng.

1. Lap phuong trinh dao dong (Hinh 6.9) ..
g k( %pe1 ~%p) = k(xp ~%p1)

) . . T _
i z%xp'mﬁ( p+|“’"xp I) O [mg P ;ﬂ‘) (6.19)

Hinh 6.9

2. Tim c4c mode co ban |
bat X, = Apcosmt (p= 1,2,:. .. N)

X, = umzx; . Thay vao (6.19) :

(-—m2 +2mﬁ)hp -—mg (AP_H_+ AP_J) = 0,

Véi didu kien bo Ag=0va A, ;=0
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Kb . —@% + 202
Hay * - ~RX P - T (6.20)
Ap W5 5

- Vin dé dat ra 1a lieu N phuong trinh (6.20) ¢6 dugc thoa mian bing cdch st
dung cling mtf}t g1a tri- @ cho méi phuong trinh ?

Ta nhan thdy ring véi méi gid tri cua o thi ti 56 cdc bién do & v€ trdi cha
phuong trmh (6.20) 12 khong déi. Piéu dé cho ta chia khc-a dé giai bai toan.

That y{a}', gi4 sit bien do dugc viet dui dang : Ap = Campﬁ'._ | («5 21)
 Apy + Ay, = Clsinp - 10+ sin(p +1)0]
o 2CsinpBicost = ZA 5C0S0
| Ap { FAG

Ap

= 2c0s0 =const (6.22)

_ Nhu vay, phu‘cmg trinh (6.22) tuong ducmg vGi phuong trinh (6.20) vi vé& phal
clia nd khfmg phu thuoc p. Vin dé con lai 12 tim 6. :

: _Ap—()klhlp—ﬂvap-N+ l=(N+1)6=nn

0 = n=12..n | 6.23
N + 1 ( ) | (6.23)
Amesin[ il ) = - (6.24)
N + 1 |
Ap-ﬁ-l + A»p_.l R 2(&% nrw
- 5 w2 B08
ﬁxp g | + 1
o =205 l—cm[ ol ] = 4(1}%- F i
N +1 2(N + 1)
' an -
= 2m,sin| ———— 6.25
i [Q(N " 1]} | )
nm '
= 2 I rr—— ! 6.26
o, g si L(N " f)] - (6.26)
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14 tin $6 cha mode 1 clia chudi N hat. Phai thiva nhan ring chuyén dong clia méi
hat phu thudc khong chi vao s6 thit ty p cla hat d6 ma con cé vao s6 mode n. Theo
(6.24) ta viét lai la :

. N . [ pnm ) -
A, = (;nsm[N = J , | | (6.27)

Li do cha hat p khi toan thé céc hat dao dong trong mode n la :

Xpn = ApaCOSO,L

Xpn = Cp sin(NpT: Jms @t o | (6.28)
3. C6 bao nhiéu mode co ban ?,

Nhu d4 biét v6i hai dao dé-ng tir méc thanh cap dao dﬁmg th:l ch1 cé hai mode
co ban. Bang truc gidc lanh manh ¢6 thé suy ra ring v6i N dao dong tir thi chic6 N
mode co ban. Tuy. nhién vin con mot diéu gi d6 4n dadu trong cde phuong trinh
(6.25); (6.26). C6 diéu la khi n >N thi cdc phuong trinh trén khoéng mo ta mct tinh
h1.16ng vat 1i méi nao.

Thfit vay, véin=N + 1 thi mm bién do A
Véin=N+2 th1

(N + 2)n o Nm
ij+2 = 2@ sin {—H_Z{N 1}] 20 sm[——-—-——z{N " 1}]_

(DN+3:G]N' I

D. DAO DONG PHI BIEU HOA CUA CON LAC
vOI BIEN PO GOC LON

Ta hay xét dao dong clia mot con lac don v6i bién do géc 16n. Trong trudng
hop nay ta s& coi chét diém m khong gin véi ddu day ma gan vGi ddu mot thanh
" ciing, manh, khong trong hiong, dai /, du kia cta thanh gén véi gid do :::6 dinh
bing mot ban 1€ (Hinh 6.10).

Ap dung phuong trinh Mg = Iy, ta viét :
~mglsina. = ml*&
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pDat Eﬂ% = = ta duoc :

~ |0

i —mgsina | (629)

Phuong trmh (6.29) 1a phuong trinh phi tuyén, khong
c6 nghiém glé'u tich don gmn Vi the ta s g:ai ndé mdt cdch
gan diing. | |

Trudc hét ta trién khai sino thanh diy s6 :

Hinh 6.10

singt = o —‘-é-aa + o : (6.3{])'.

Txép dén ta bd di nhung s§ hang hac cao hon nhu o, o, rﬁl dit (6. 3{]) vio

| (6:29). Ta duge :
/ * 2
t’i+m§u=%a3 & (63D
Nghaem ciia’ phuong trinh (6. 31} kh{‘}ng phai 1a mot ham diéu hnﬁ Theo
3

: 3 1 ;
~cong thic @ sin mt;zsmmt-zsm3mt,_th1 s6 hang phi tuyén & xré phal cua -

phuong trinh (6.31) bién déi theo thdi gian khong chi véi tdn s6 co ban o ma ca

v6i tan 36 3w (hoa ba bac ba). Chung ta s€ thtta nhan rang dao dong cla con lacl

ch phl.r{mg trinh :.
aft) = agsin(wt + @y) + saﬂsm_’:{{.}t + q:nﬂ) ' | {6.32}
trong dé ¢ 1a mﬁt thong s6 khong c6 don vi.

bit (6. 32) vao (6.31) mot lan nita ta Jai phét hién ra rang $0 hang phi tuyén

khong chi bién ddi theo thdi gian véi hai tdn s6 ©.va 30 ma ci véi tin s6 90, Diéu
d6 ndi 1én rang nghiém (6.32) la khong day di (trong dé thigu cdc hoa ba bac cao

hon nhu 1a 9w va 27w...). Tuy nhién, néu bién dé Oy khﬂng qua lén [hl thong s6
g << 1 va ta c6 thé bd qua céc hoa ba c6 bien do & Gy, € n:ﬂ -
Bay gidrta hdy tinh tdn s6 . D€ don gidn ta dat ¢, = 0. Ta l4n luot tinh tiing
s0 hang ctia phuong trinh (6.31) véi a(t) 1y tit phuong trinh (6. 32} ’
2
(; - -—mzuﬂ‘_smmt ~ 9n’co, sindet ;
t i i

- ogo = Waly Sinwt + @jeo, sin3mt
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2 2
| 3{::: ) 0
—mﬁnﬁ i D'.,g sinmt — —Dag :-,1n3mt - —ﬁ-(xﬂasmgmlsmhm
6 24 24 2 .

S6 hang thit ba clia vé phcu co chfra thira so U.ﬂa nén nho hcm hai s¢ hang ddu

va do dé ¢é thé bo qua. Thay véo phuong trinh (6.31) ta duoc :

; 3 ¥ .
£ = {tﬂ("mz + (D{z:. i Emﬁaﬁ]smmt |

+ mﬂ[~9mzs. + OgE + %mga%]siﬁ’jmt 3 e "(6‘33)
Vi phun‘ng trinh (6.33) dung doi véi moi thm diém nén bidu thifc du’ng trong

déu rigodc phai bﬁng khong:
- Cho biéu thiic trong ddu ngodc thit nhat biang khﬁns ta dugc :

w° = mﬂ[l — %{13} ; %

Néu ?‘3 << 1 thi: o = mg[l = %ﬂ—] = mﬂ[' = %} ~ (6.34)

Biéu thic (6.34) c:hl ra rang, khi tang bién do dao dﬁng thi tan s6 dao dcmg
giam, nghia 12 tinh dang thoi cua dao déng khong con.
" Cho biéu thitc trong diu ngﬂﬁc thit hai bing khong va dé ¥ ring o = m{-_. ta tim
duoc hé 8 e.
5

—Om2e + ale + g2 = 0
. J 0T 9470
Gy
E = =— ) 635
193 o (6.35)

- Néu dat Qg = 150 =.0,26 rad, thi & = 3,5. 10 va su dong g6p cha s6 hang thit

“ba vio dao dong 1a nho. Do chénh léch tuong doi.cia o so véi wy duge xac dinh
bang dai lugng :

- , .
.. . ‘;g = 4,2.1073 - (6.36)
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{ﬂg —
ﬂ.}ﬂ-

~ 6% .

Ngay cd khi oo = 1 rad thi ¢ = 5.1(_]_3 con

Nhw vy (6.32) 1a nghiém gén ding ctia phuong trinh (6.31) trong d6 @ dugc
xéc dinh b1 {6.34) con thong s6 ¢ thi dugc cho bdi phuong trinh (6.35).

E. DAO BONG CUA MOT HE_ct'J TH#M SS'THAY péI

Chung ta gap nhiing dao dong khong tit do thay dai mm c:in::h tudn hoan mﬁ-tf' R
tham s6 nao dé cha hé dao dong. Mot trong nhitng vi du ndi bat 1a dao dﬂng clia
chiéc du. Ta biét rd ring cd thé duy tri dao dong trong mot thoi gian dai néu'ta
ngdi xuéng nhanh vao lic chi€c du c6 do léch cuc dai va diing 1én nhanh vao ltic
né qua VTCB! Bing cdch d6 ta 1am cho I::hoﬁng cich a tir kh&i tAm cua chiéc du
dén truc quay Il:hay doi d@i ﬁg@t mot lugng +Aa (Aa << a). Dai lugng Aa phai c6
gid tri thich hop dé€ bao dam su can béng nang lugng cla hé : sy mét nang lugng
‘cha con lac sau mot chu ki phai dugc bit bing cong cia  *
trong luc thuc hién khi ngdi xudng va ding lén.

A E

Ta s& viét diéu kién can bing nang luong cho trudng
hop don gian nhét, 1a trudng hop mot con lac todn hoc ¢6
chiéu dai a c6 thé thay d6i mét lugng +Aa (Hinh' 6.11). Ta
- luén day qua 16 tai diem O cha gid d& va dat vao dau day
mot lyc F dé thay ddi chiéu dai day.

OF

Vi Aa << a nén ¢6 thé xem mot cach gan ding 1a 1i 4o
g6c o bi€n thién theo thoi gian theo quy luat clia ham diéu

hoa : aft) = ogsinot, trong dé theo (6.34) Hinh 6.11
2 . . . "
, o . g - , :
® =01 -—2] conam =.2. . : : 6.37 '
'“[ 16} Y Va _ - ©3n

Tai thoi diém con lac c¢6 géc léch cuc dai oy, Iuc cﬁng cia day béng
T, = mgcoso,. Boi the khi tang chiéu dai day mot lugng Aa, ngoai luc F, = T, thuc

hién mot cOng am A_ = —mgcoscg.Aa.
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Khai trién cosay thanh ddy cosog = 1 — —2— + E-% + .

va thay vao ta duge :
. - , ) .
o o
A_=-mgl -2+ —2]Aa . 6.38)
: j'g[ v B 24] o s
Khi di qua VICB (o = 0), Fy = T, = mg + —&, trong dé vy = agoa.

L

B the, cong duong khi rit ngn day bing : ;
I e T : 4 . -
A,= (mg +md%m2a)aa = m'g[l + u.% - %]&a - (6.39)

Itmng do mﬂa = g .
- Cong toan phin ma lyc F thm: hlﬁn tmng mot chuki s& l1a duong va bfmg

gﬂtt}

Z(A + A ) = Smgagm - Aa
| i A ' -
' o N 3mg{1§.&_a - ?ﬂ : ©(6.40)

“Ning lwong hao ph1 trong mot chu ki bing cﬁng cia lyc ma sit :
L wdt = - L bt (6.41)

trong dc- Frms = —bv.

Thay V= a{x(t} — amﬂmcosmt vao (6, 41) ta duge

Aps = —ba’oje Lcos otdt = —ba {I,gmz:;—-
e 16 | 2 | e

viwl = m[}Tﬂ 2‘3’5 ;
Do d6, diéu kién can bang nang lucrng la:A+A, =0

' 2 2 ;
Hay : 3muaﬂm{1 s %—J = bolga E’[ w ”—'?'J . (6.43)
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F. DAO BONG TY DO KHONG TAT TRONG MOT HE
cé HAI BAC TU ale]

Khi quan sat dao dong clia mGt khoi lm:mg m treo vao
mot 16 xo nhe fa khﬁng thé khong chi y 14, bén canh cdc dao
- dong theo phuong thing ding cha va_t m c¢on xudt hién ca
- kiéu dao dong cta con lic don (Hinh 6.12). Céc dao dong

 nay manh'hhﬁ't khf tdn ‘sd.cﬁa dao. ﬁ@ng thﬁng diing \/E 3

' b“ﬁng hai 14n tdn s}fi' clia dao dﬁng con lic dr;m \/_gi (ala chiéu )

anh 6.12
| dai ctia 1o xo khi vat d!.mg yén). Dé dang hiéu diéu nay néu kh&n sit dao déng con'.'
e nhu 12 kidu dao dong chia con lic don c6 thong 6 bién déi ma & day 1a chiéu
dai-a cia 1o x0 thay d6i khi dao dong thing ditng mot luong 13 +Aa, Trong mot
khodng thoi gian nao d6 dao dong con lac ¢6 thé manh lén do gidm nang luogng
chia dao dong thing dimg. Sau d6 qué trinh dién ra theo huéng ngugce lai : dao
“dong con ldc y&u ddn, trd nang lugng cho dao dong thang ding Iam dao dongndy
manh din. Do dé, dao déng thang ding 12 khong diéu hoa. Trong nhiing diéu kién
- xéc dinh ¢6 thé xuat hién ca dao dong xoén cha vat xung quanh truc thing ding
ctia 1d xo. Thi nghiém chiing té riing, dao dong xodn manh nh4t khi tén s cha dao
dong xoén nhé hon tdn s6 clia dao dong thang ding khoang 2 lan.

(\/g ~ %JE , trong d6 C 12 hiing s6 xodn trong phitong trinh M = ~C = 16).
. m . .

Trong trudng hop ténhg quét trong hé dao dong nﬁy c6 thé xay ra 4 kiéu dao dﬁng o
| kiéu dao dong thang ding, 2 kiéu dao di‘mg cta con lic don trong hai m&t phang
vuong gée véi nhau va 1 kiéu dao dong xoén. '

‘BAITAP

6.1. Mot vat c6 khoi lugng m, dugc néi véi mot ddu
| clia mot 10 xo ¢6 do cing k. Tai thdi diém ban’
ddu (t = 0) 16 xo khong bi dan va vat ¢6 van toc
Vo huéng xuéng duéi (Hinh 6.13). Giita vat va
‘mat nghiéng c6 ma sat. Hé s6 ma st nghi va h¢

Hinh 6.13
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s6 ma sdt truot.lan luot la i, va . Ta cé thé gia thi€t ma sét 12 nho nhung
khac khong.

a) Dong nang chia vat khi qua vi tri ban dau ldn sau gidm di bao nhiéu 9
b} Tén s6 lip lai gid tri v =014 bao nhiéu ? -

¢) N6 dimg lai & dau thi ddng hon, & diém cao hon hay thap hﬁn vi trf ban ddu ?
Hay giai thlch cau tra 1oi. |

d) Hay ve mﬁt céch dinh tmh tren a6 thi vi trf ctia vat theo thﬁn glan cho dén
khi dirng hén. s

DS ! a) utmgmsd,z_(xm + A) V8l X = ﬂkg—_(sinu _4 1, COSOL)

T v%-
S va A = iXq) +.E ;
c¢) Dudi vi trf ban dau.
6.2. C6 mot chigc hop, khdi lugng M, ldc ddu
 dting yén trén mot mat phing nghiéng véi
géc nghléng o so véi phuong ngang Bén’
~ trong hop c6 mot con ldc 16 xo, Kh6i lugng m
 dang dao dong diéu hoa theo phuong trinh
y = Acosot, doc theo mot dudng vudng géc
v6i mat phing nghiéng (Hinh 6.14). H¢ s6 ma . |
sét trugt p = tanc. | Hink 6.14
a) Tim diéu kién d€ hop khong nay lén.
b) Tim téc do trung binh clia hdp trong mot khodng thoi gian dai. Gia st trang
thoi gzan ay hﬁp khong ndy lén.

Ds - 2) A < (M + m)gcosa b mmAtana‘
; mmz- : (M + m)

6.3. DE nghién ctu hién tuong "dinh - truot" do -

luc ma sét :}ghi I6n hon luc ma sat truot Yo,
chiing ta xét thi nghiém sau : (e)
Ngudi ta dat 1én mot bang chuyén ném ngang

y : , 5t Hinh 6.15
dang chuyén dong déu v6i van toc vp mot vat e

hinh hép chit nhat. Vat nay c6 khéi lugng m, duoe méic vao mot ddu tr do cla

6. BD... CO' HOC 3-A f : 51



mot 16 xo ¢6 do cing k, ddu kia clia 16 xo duge gin chat vao mot gia d ding
yén (Hinh 6.15). Khi do vét dao dﬁ-ng khong tat thec: kiéu ltic dinh, lic truot,

a) Hay gxal thich co ché xu’lt hién dao dong theo kiéu "dinh - truot”,

b) Tim d¢ bi€n dang cuc dai vé cuc tiéu cta 1o xo trong qua trinh vat
chuyén dong. i

- ¢) Xdc dinh chu ki clia chuyén 'déng "di’nh trum“'

d) Tim phuong trinh chuyén dﬁng }((t) clia vit va vé d{f) thl (dung do bién dang i
“clia 10 xo lam toa d6 x ciia vap). |

Ap dung biing 56 : m = 100 gk =10N/m;vy=50cm/s; i, =030; 1, =025,

FIAN b}32cm 1,8 cm-; c)Tm{Jﬁ?s |
- 6.4. Mot vat khaoi luﬂng m, dugc treo vao mﬁt Ié X0 c6 do chg k va r:.hm mot lu'c:
‘ma sdtnhét f = —bv. |

-a} Héi b co gla tri 16n nhat 12 bao nhiéu dé tan s6 f clia dao dong it dén sai.
khdc tin s6 néng fﬂ ctia dao dong diéu hoa khﬁng qua 1% 2

'b) Gi4 tri clia b ting véi dao dong téi han la bao nhiéu ?
¢) Ap dung bing s6 : m = 100 g, k = 100 N/m. Tinh b trong hai trudng hop trén.

PS:c)b= {189 S by =632

m

6.5. Mot 6 td, khong ¢6 bo phén gidm xdc,
¢6 thé so d6 héa bing mot khéi luong
m gin vao ddu clia mot 10 xo ¢6 do
~cting k, dau dudi cha 16 xo gan vao truc
clia mot banh xe ¢6 khéi luong khﬁmg
déng ké (Hinh 6.16). O t6 dang chay
trén dudng ndm ngang véi van toc v thi
gidp mot & ga ma mat cit dugc biéu dién
bing dudng cong ¢6 dang

= a[l*cosﬂ)
Y 2 | I )

- Hinh6.16
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a) Thira nhan ring thoi gian 6 to di qua & ga rdt nho so v6i chu ki dao dong
riéng theo phuong thang ditng cha xe. Hiy tinh vén t6c theo phuong thing
dimg cta xe sau khi di qua 6 ga. -

b) Suy ra bién do dao dong theo phm:mg thing dung xudt hién 5.:1!.1 khi di
qua 6 ga.

Apdungbﬁﬁgsﬁi m = 1,0. 10° kg,k 50. 103me y = QOkm,’s E—OSUm
a=0,10m. by - S
DS : a) 0,050 m/s (hudng xudng) ; b) 7 mm.
. 6.6, Hinh 6.17 1a mot h¢ dao dong. Goi x 1a

li do ctia chat diém m = 10 g. Lo xo0 ¢ g #_I'__-' :

do citng k = 100 N/m. Bo phan tét ddn g s __ | B = Focosat
tao ra moét luc can ti 1& vdi van toc g o e L
f = —bv. He s6 tét ddn b c6 thé diéu EW

chinh duge va doi véi su tit dédn téi han 4

Hinh 6.17
thi gia tri ctia né la by, '

cayal) Viét phu{mg trinh vi phan clia chuyén dong cia m.

a.2) Dung phuong phédp gian dé Fré-nen hoac phucng phdp s6 phic dé tim
nghiém ctia phuong trinh trén.

b)Dﬁtmgﬁ\[E;a:-ﬂ;a:Bb—.
o m g th

b.1) Hiy biéu thi bién do A clia hé theo a va a.
Goi A la gid tri clia A d6i v6i.o =0. Hiy imhdm s6 y =
' 0
b.2) o c6 gi4 tri oy bing bao nhiéu thi xdy ra gid tri cyc dai coa A doi voi
® = 0? Hay suy ra gid tri clia hé s tt dan tuong Gng.
b.3) V& nhiing dudng cong biéu dién cdc bién do A phy thuge vao © khib=0;

:11-; ﬁ vi 2.

ﬂs.-b.f)_‘i_— e _,52}a|=al—vhb:\fi.
' Ag 4a’c’ + (1 - ) \E ' :
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6.7.

Ngudi ta dung mot con lac 16 xo d€ do khéi luong clia mot vat trén tram vil tru
¢ mot noi khong cé trong trudng. Cich do nhu say -

Trude tién nha du hanh vil tru do tn s6 dao dong ciia con lic 10 xo véi khéi luong
my, da blé‘t Sau dé dat thérn khoi h.m‘ng m clia vat vao con lic va do tin s6 méi.

‘a) Xdc dlnh khdi lumlg m tir hai gid tri tdn s6 do duge nhur thé nao ?

. b) Néu ta thuce hién phép do khéi lugng trén mat dat thi ta khong thé bd qua

luc ma sdt ti & véi van’ tﬁc {f mbv) NEU khéi lugng da cho ¢6 li do ban'

~ diu Xq Va dm:rc thara khﬁng van tdc diu, ha}' Xac d:nh cdc chuyén dfjng ch thé

68
luong m giéng nhau bi

vong quanh vong tron

‘¢ cua khéi lugng.

c) Tmng diéu kién nao chung ta ¢6 thé sir dung cung mﬁt phu{mg phép dé xé.c; o
dinh khﬁl lwong chura biét ? ‘

. . 2. o
PSS :a)m zmﬂ[m—]z - 1} : b) Diéu kién : b <2+/mk.

a) Hai vat cé khéi

buoc - phai  chuyén
dong trén mot vong
tron. .Hai 10 xo giéng
nhau, do ciing k, quén:

va ndi véi hai khéi
luong (Hinh 6.18a).
Tim tdn s6 cla céc . : :
mode dao dong va phuong trinh chuyén dong clia cdc vat trong méi mode.

Hinh 6.18 b)

b) Ba vat ¢6 khéi lﬁgng m giéng nhau bi budc phéi chuyén dong trén mot
vong tron. Ba 16 xo giéng nhau, do cting k, quan vong quanh vong tron va néi

v6i ba khéi lugng (Hinh 6.18b). Tim tn s6 cla céc mode dao dong va phm:mg i

 trinh chuyén dong clia cdc vat trong mbi mode.
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6.9, Xét mot chudi-gém ba dao-dong
tir giéng nhau dugc tao nén boi 3
vat cé khéi lugng m va 4 10 xo0
¢6 do cimg k (Hinh 6.19). Hay

 x4c dinh tdn s6 clia cdc mode
dao dong clia hé va phuong trinh
chuyén dong cta cdc vat trong Lt e
- m&i mode.. o

Hinh 6.19

s : 0= 0,770y @, = mﬂf ©3=1,850

0 6.10. Qua chuﬁng ctia nha thd c6 khai luong m, dm:rc tren bang mﬁt sm dﬁy dai /,
¢6 thé xem nhu mot con lﬁc o

Méi khi con lac di qua VTCB Ehl nguc‘.ﬂ coi chuﬁng kéo day Tam day ngin di
mot doan 12 a. Khi con lac di téi diém cao nhat thi nguoi dy lai tha day dé n6.
1y Ial chiéu dai ban ddu /.

a) Goi v,,, 12 van t6c cha con l4c khi téi VTCB Trc-ng mﬁt nia chu ki sau dé -
~ né vach mot.chu trinh sau day : -

~a.]) Rit ngén day mot cdch tic thai tir/ dén / —a,
a.2) Pilén theo quy dao tron v6i ban kinh [ -

" a.3) Trélai chiéu dai / mot cach titc thdi va voi dﬁ nghiéng cua dﬁy khﬁng dai.
a4) bi xubng theo qu¥ dao tron, ban kinh /.

Hay tinh gid tri gin ding cla phan ting ning l’tm‘ng clia con lic gy ra b
ngudi kéo chudng.

- b) Trong khoéng khi con lac chm luc ma sdt ti 18 véi binh phu::rng ctia vin toc

(f = kv, Hiy tinh gin ddn g phﬁn ndng lI.I{mg ctia con lic bi mét trong mot
nira-chu ki.

¢) Sau mot 56 lan kéo tlu con lic dat duge ché do tudn hodn gidi han Hay tinh
li do goc glm han 0, '

d) Xét mot vi du : Qua chuﬁng ¢6.khéi luong m = 53,0 kg, day treo dai / = 20,6 m.
Khi kéo day ngan di a =3 m. H¢ s ma sat k = 0,35. Ldy g = 9,81 m/s”.

d.1) Tinh O,
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d.2) Qué chuoéng lic ddu duoc ddy vé6i v, = 3,22 m/s (ha},r véi E| = 274 J) |
Hay xdc dinh gid tri cha cdc dai lugng sau day : | K

~ Van tﬁg cta qua chudng khi qua dudmg thang du’r;g’.
— Nang lucmg chia con lc.
— L1 d0 goc cuc dai. | |
— Cong cha ngudi kéo éhﬁﬁng trong.mﬁt chu ki.
— Céng cia luc ma sét trong mét chuki.
Blén luan két qua.
3a

BS‘:a} ,_E__ = f b) Am5-4kg! (sm@ Bmcasem}; |

~d) By, = 82° (ung véi nita chu ki thtt 38), A = 4045 7, A =4043 J.

6.11. Mot con ldc dan héi A (kh6i Iuong m = 0,1 kg, d0 cling k = maj = 20 N/m)

" dao dong doc theo mi‘rt thanh lam v§i dudng thé’mg du‘ng hudng xuﬁng mot géc

6 khong a6i (Hinh 6.20). | |

a) a.1) Lap phuong trinh vi phan ciia chuyén dong ciia A doc theo thanh dimg

- yén. Tim VTCB ciia dao dong cha A va-tinh chu ki dao dong.
a.2) Ngudi ta thira nhan ring céc dao dong tat din thén'quy luat cha ham mi,

Hoi loai luc nao da gay ra su tit ddn nay ? |

b) Ngudi ta cho thanh quay déu xung quanh duo*ng
thang ding véi téc do goe Q.

" b.1) Hay biéu thi trong HQC quay dong nﬁﬁg, thé
nang trong truong, th€ nang dan héi va thé nang li
tAm cta con lic.

b.2) Trong trudng hop khong c6 ma sét, lap phuong
trinh vi phan ctia chuyén dong clia A. Suy ra VTCB vi

chu ki dao dong ctia A. Biét ring (sinf, = 0,90,
DS :al)T=044s;a2) Luc ma st nhét.

Hinh 6.20

2 .
! 0
b2) VICB 1y = —00 * B0 ¢y

mg — 0?sin? B
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6.12. Mot hat P, khgi luong m, dich chuyén trén
" rinh trong ctia mot vong c6 dinh, tam O,
bin kinh R, ¢6 truc nam ngang OZ va chiu

el

~mot luc ma sét nhét f = ~bv. Vi tri cua
hat dugc xdc dinh bang toa - do goc
0 = (Ox,0P) (Hinh 6.21). Gid sir © nhd
trong suét bai todn, Tai t = 0, hat dugc th-
Khong van toc ddu tir vi tri 6 = 0y,

Hinh 6.21

a) Viét phubng trinh vi phan cua o(t).

b) b.1) Tim gid tri t6i han Ry, clia bén kinh R dé hat t6i dugc VTCB (8 = 0)
" mét cich nhanh nhat c6 thé. Hay xdc dinh phuong trinh ctia 6(1).

b.2) Trong diéu kién trén day, tinh t6c do cuc dai clia hat va phén luc tuong
- ling chia vong. '

¢) Hay xéc dinh phuong trinh clia 0(t) d6i v6i R <Ry, va biéu thi do giam loga
theom, b, R va g. | =

DS :a) O+ £G+-<g—ﬁ =0 5 "

o AR
_ mggﬂ.l it Zeﬂ %‘ .
b.2) \.Tma_,{ = 136b’ N_-rx_n{cos{u—& R = ;.

c) o = e,
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' KHONG GIAN PHA. QUY PAO PHA
~* CAC BAT BIEN POAN NHIRT

1o KHONG GIAN PHA. QUY PAO PHA

1. Ta hity xét mot co hé c6 mot bac ty do, tite T hé ma vi trf cia méi chat diém
clia nd duge xdc dinh chi bing mot toa do duy nhat. Vi du nhu d&i véi mot con lac

16 xo thi vi trf clia chat diém m duoc xdc dinh bing li do x, con d6i véi mot con lic

don thi vi trf ciia chat diém m duge x4c dinh bing li do géc o, |

 Tai méi thoi diém, trang théi co hoc clia nhing hé nhu trén duge xdc dinh
bang hai dai lugng, dé 12 toa d¢ va dong luong (hay van t6c). D€ miéu ta chuyén
dong cua nhing hé nay ngudi ta thudng ding dé thi x(t) biu dién sy phu thuoc
 ctd toa do vao thoi gian va dé thi v(t) clia van toc vao thoi gian, - :

Tuy nhién ta con c6 cdch khdc dé miéu ta chuyén dong cha hé, d6 1a ding d6
thi p(x) (hay v(x)). Néi mét céch khac, ngudi ta ding cii goi 1a khong gian phaly
khong gian tudng tuong hai chiéu cé truc hoanh 12 truc toa do va truc tung 13 truc
dong luong (hodc van t6c) clia tit ca cdc chét diém clia hé. Céc diém cia khong
gian pha duoc goi 1a cdc diém tao dnh. Mbi diém tao anh xéc dinh moét trang thdi

ctia he. | - | o |

2. Khi h¢ chuyén déng, diém tao 4nh twong tng di theo mét quy égu:: trong
khong gian pha, ma ta goi 1a quy dao pha. Ngudi ta vé mot mii tén trén quy dao
‘pha dé€ chi chiéu chuyén dong chia hé. Mot bo gbm t4t c4 cdc quy dao pha kha di
~ cia mot hé co hoc duoc goi 14 chdn dung pha cla heé. Su phén tich chan dung pha
cho phép ngudi ta khdo sdt cdc tinh chat dinh tinh quan trong ctia chuyén dong -
~ clia h¢, ma khong cén gidi cdc phuong trinh chuyén dong ciia hé dudi dang tudng
minh. Phuong phdp diing khong gian pha rat hiéu qué trong viec nghién citu cdc
chuyén dong phic tap, khi khong thé tim duoc nghiém giai tich cla cdc phuong
trinh dong Tuc hoc. | o :

3. Mot s6 bai tap vi du |
Vidu 1. Hay v& qu§ dao pha clia mot chét diém tr do, chuyén dong gifta hai
buc twdng song song, phan xa tuyét déi, dit & x = .-% VA X = % D
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Gidi - . - *p
Pat truc Ox hudng vubng gbc vol
hai bitc tudmg. Vi chét diém tu do va
céc va cham 12 tuyét d6i dan héi, nén
40 16n cha dong lugng duge bao toan,
con huéng thi nguge lai & moi lan va
cham. Do d6 quy dao pha c6 dang | .
nhu sau (Hinh 7.1).- S | Hinh 7.1~

=¥

|
)
% [

o

- —pl.

Vi du 2. Hay khdo st quy dao pha cha dao ﬂéng tlr diéu hoa, tite 1a ctia chat.
- dl&m cé kh6i luong m chiu tde dung cla lue F = —kx -

" a) Tim phuong trinh cla quf dao pha va cdc thﬁng 55 clia mﬁ
b) Vé quy dao pha ctia dao dong tir dléu hoa.

Gidi
a) Dinh luat bio toan co nang 4p dung cho mét dao df;-ng tir diéu hoa dm:rc viét .
2 2. 2 2 .
s kx P X
nhu sau + = E ha + = 1.
om 2 Y 2mE " 2E
. ” |

Day 14 phuong trinh cha quy dao elip _troﬁg he - - AP

truc toa do (x, p). Tam cla elip tai (x =0, p=0) va_

~ céc ban tryc 1dn luot 12 J?kﬁ va v2Em

b) Quf dao pha c6 dang nhu Hinh 7.2. Chuyén
dong véi nhitng gid tri dwong cha dong luong thi
- huéng theo céc gid tri tang din cha toa do x. Nhu vay
qu¥ dao pha huéng cing chiéu kim dﬁng ho.

AN
-/

Hinh 7.2

Vi du 3. V& quy dao pha cia mf:ur, con lac don dao dong nho chiu lyc cén cla
khong khi Fc = —bv.

Gidi | ,
md—v - +mg§ — bv
dt [
. _B8g_Dg¢
/I m
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Bﬂtm[%:%'}i:% taduﬁc:-§+213+m38={) (1)
m _

bai voi khong khi thi b c6 gla tri nho, l'll‘C ma. sit nhét la lyc tit ddn yéu.
Trong Lrucmg hc:p nay thi nghiém ctia phwong trinh (1) lé‘: '

S(t) = Sge Meosot v6i @ = Jfﬂo —2 B '
V([)=—ﬂ)gsﬂﬁ_lisiﬂﬂ}t- o . ' ﬁ—:i\

Trong khong gian pha, quy dao pha 1a mm - _ Qy
dudng xodn 8¢ va két thuc o S 0 (Hinh 7.3). '

k

H CAC BAT BIﬁN DOAN NHIET Hinh 7.3

1. Sy thay déi cdc tham s6 clia mot hé vat If luon luon kém theo su thay doi
mot sd tinh chét chuyén dong cla né. Vi dy nhu su thay déi chiéu dai clia con laic |
don s& din dén thay déi chu ki dao dong clia né. Truong hop sy thay ddi tham s&
clia hé xdy ra ngay trong thoi gian né chuyén dong la trudng hop rit ddng dm:rc |
cdc nha vat Ii quan tam.

Trong mgt hé vat 1i tén tai nhimg dai luong khc}ng thay déi hnzflc géan nhu
khong thay d6i khi céc tham s6 clia n6 thay doi rdt chdm, hay nhu ngudi ta thudng
néi 1a thay doi mot cdch doan nhiét. Nhiing dai lugng dugc bio toan véi mitc d6
chinh x4c 16n khi thay d6i cham cdc tham s6 ctia hé duoc goi 1 cde bdt bién doan
nhiét (thuﬂt ngit "doan nhiét" & day ch ¢ nghza khdc véi thuat ngu "doan nhiét"
dun g tron g Nhiét hoc).

Diéu kién vé tinh doan nhiét cla sy thay d6i cdc tham s6 clia hé cé thé viét

dudi dang L << 1, trong d6 T, 1a chu ki dic trung d6i véi he, con T, 1 thdi gian
T

2
dac trung cta su bién déi cdc tham s6 ctia hé. -

Nhung tim cdc bat bién doan nhiét nhu th€ nao va bang cdch nao xédc dmh
dugc chiing bao toan chinh xdc dén mitc nao ? Giai quyét nhiing vin dé nay 12 mot
trong nhiing Iinh vuc dep nhét clia Vat i méa cho dén nay con chua hoan thién,
‘Nhiéu két qua quanstrong trong Vit If ¢ dién va Vat If lugng tir gén lién véi cdc
bat bién doan nhiét, dén mitc ma hién nay khong thé hinh dung néi mét linh vuc
- vit i nao d6 lai khéng cé khai niém nay,

90




1

2. Vidu

Ta hdy tro lai baitdp vidu 1 & phan trén. Gia st ring bay gio bic tuong bén
phai chuyén dong cham sang trdi véi tdc do u nho hon téc do v ciia chét diém. NGi -
céch khéc tham s& khoang céch clia hé bién ddi doan nhiét. Sau méi lan va cham

'v6i bifc tudng nay, van toc ctia chat di€ém khong chi cé huéng nguge lai ma ca do

16n ciing thay déi. Néu trudc va cham chat diém cé van téc v 1h1 sau va cham chat -

. diém ¢6 van toc 1a —(v + 2u), nghia 1 dugc tang toc vé -
phia nguoc lat thém mot lugng 1a 2u

Goi v, va L; lin luot 1a t6c do cha chaft diém va
khodng cdch gifta hai bitc tudng ngay sau l4n va cham

: thtt i (Hinh ? 4). 5
- Goi At; la khﬂang thai glaﬂ gitta hai lﬁn va cham
lién ti€p thit i va thiti+1.Tacé: . . Hinh74
' Vi, 1 =V+2u R
Lis1=Li—vAy - | (7.2)

Vi khodng céch gma 2 biic tuﬁng trong thoi gian At giam khong ddng k€ nén

ta cé thé viét

Aty = —L L ay

ha- b+ 1 s it ' | - ?.-4

y L 5 | | (7.4)
A Yii1 =N .- 2u ; "
T (7.1) suy ra: = ; : (7.3)

L.
So sénh (7.4) véi (7. 5) ta suy Ta, —{i— = A% ‘hay v;AL; + Lﬁ!-.v =0 =
' , i Yi ;
A(Lyv) =0

Nhu vay L;v; = const-1a mot bat bi€n doan nhi€t ctia hé nay.
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7.1.

BAI TAP
Xét chat diém c6 khéi lugng m gén & ddu mot thanh ciing khong c6 khoi __
lugng, ¢d chiéu dai L, ddu kia cia thanh gén v6i mot gid d& c6 dinh nho mot
bén 18. Bé cho thuéan taen ta din g gbc o gifta thanh va phm}ng thing ding lam

d
toa dﬁ cta hé. NIat phang pha chfnh 1@1 mﬁt phﬁng vai céc toa do [ 'd‘:: J

| Hay nghién cttu va vé chan dung pha clia con lic nay véi géc o bit Ki. He nay
© ¢ thé c6 bao nhiéu loal quy dao pha kh&c nhau vé tinh chat ? (goi s0 cdc loai

7.2,

quy daﬂ nay la K)

Hay v& it nhit mot quy dan pha dlén hmh chr:.- méi loai. Cic ]DEll quy dau _'
pha khic nhau nay dugc xdc dinh tr mot s6 diéu kién, hay tim cdc diéu
kién doé (Khﬁng 14y cdc diém cén bang lam qu¥y dao pha) Bo qua luc can
clia khong khi. .

DS : C6 ba loai qu§ dao pha ung vdi ba dléu kién (E < EmgL E ngL
E > 2mgL). :

' Xét chuyén dong clia mot vat nim trén mot mat phing nim ngang, gin & diu

mot 16 xo, ddu kia cha 16 xo duge giir 8 dmh Khai lugng cha vat la m, hé s6 - '
dan hoi ctia 10 xo 1a k, hé s6 ma sét giita vat v bé mat 1a p. Gia st vat chuyén"
dong doc theo mot dudmng thing véi toa do x (x = 0 ttng véi 16 xo khong bi kéo
dan). Gia thiét thém ring h¢ s6 ma sat nghi va hé s6 ma sdt truot [a nhu nhau. L

" Liic déu vat c6 vi tri x = Ay {Aﬂ >0) va ¢6 van téc bang khﬁng

a) Vlé’t phuong trinh chuyén dong cia mot dao dong tir diéu hoa b1 ham boi 5
luc ma sdt truot. '

b) V& quy dao pha ctia dao dang tr nay va tim cdc di€m can bang,

¢) Vat c6 dimg han & vi trf ma 16 xo khong bi kéo din khéng ? Né&u khﬂng,
hay xdc dinh bé rong cta mlén ma trong dé vat c6 thé dimg hfm

- d) Hay tim do gxam bién do &A clia dao dong tif theo chiéu ducrng clia X trong
" mot chu ki dao dong. Thoi gian giita hai bién do lién ti€p theo chiéu duong la
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bao nhiéu ? Hay tim sy phu thudc A(t,) clia do léch cuc dai nay, trong d6 t, 1a
thdi gian cia'lan cyc dai thit n theo chiéu duong.



e) Hiy v& dé thi, chi su phu thudc cha toa do vao thoi gian x(t), va uc tinh s6

dao-dong N ciia vat,

. - -

DS :¢) Bé rong cla mién nghi 1a — 2 w:n @y = J ;
Mg .ﬂ'l

; s 2
d}ggz'ﬁmﬂ_; e)Nﬁ'M.
Zﬁm{l}ﬂ _ 4Fm3 _

7.3. Mot con lac don tan“ nén boi mot qua cdu, khm llm‘ng m, dl,rt:rc freo vao mot
chét xoay trén tran nha bang mot soi day dai /. Con lac dao dong tur do trong -
~ mit phiing thing ding. Hoi bién do goc ctia con lic khi dao dong nho thay déi
thé nao néu day bi rit ngan lai mot cdch fir tir xudng con mot nira 7 - -
DS : 0,04 = const = 0 tang lén dén 1,686

7.4. Mot chat diém, khéi lugng m, dugc treo vao mot
day khong khoi lugng va du dua trén mot duong
tron ndm ngang. Chiéu dai cta day tang hodc
giam rit cham, Goi 0, /, r, h nhu dwoc ghi trén
(Hinh 7.5).

a) Gia str 9 rit nho. Héi r phu thuﬁc van ! nhu'
- thé nao ? ‘

b) Gi str 6 rat gdn 90°. Hoi h phu thudc vao Hinh 7.5
nhu thé nao ?
L

pS:a)r ~ 14 ;b)h~1"

7.5. Mot vat B, khai lugng m, duoc treo vao dau mot |
soi day dai /, s¢i day nay ludn qua mot vong nho
A r6i budc vao trdn nha (Hinh 7.6). Hay :
a) X4c dinh luc trung binh ma day tdc dung 1én
vong A khi con lac thyc hién cac dao dong nho

véi bien do goc 1 @g.

Hinh 7.6
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b) Tim su bién thien vé nang lucmg cua con lac khi vong duge dlch chuyén
cham theo phwong thang dimg.

DS ; a};%m 205 ; b) EI* = const.

7.6. Hai vit AvaB ciing khéi luong m, dugc |
budc vao hai ddu clia mot day khong khoi
lugng. Day vat qua hai rong roc khong
khéi lugng: va c6 kich thuéc khong dang

 ké. Céc vat ding yén cich rong roc mot
khodng /. Vat A dugc truyén mot cii hich
rdt nhd theo phuong ngang dé cho lic .

ddu né dao dong véi bién do goc 6, rit .
nhd (Hinh 7.7). Sau mot thoi gian rdt dai, e m
mot trong hai vat lén cao rd rét va va vao Hinh 7.7

rong roc cta nd. | '

a) Vat nio dung van rong roc ? :
b) Van téc cha vat bang bao nhiéu khi né dung vao rong roc ?

Goiy:Toadocuc: @

=)

= 1€, + rbg,.

A= - 1008, + (1 + 210)8,.

DS :a)VatB; b) vy = Bu\/%f(l e %)
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: - sf)NG co

Nhuw da biét, séng co la bién dang co lan truyén trong mor moi m{ﬂng &1 lan
truyén clia cdc bién dang co goi 1 chuyén dong séng. Chuyén dong song c6 .
nhitng dic diém chung, bt ké d6 1a song co, séng am hay séng dién tir. Nhiing '
dic diém nay 1am cho chuyén dong séng khéc han chuyén déng clia cdc hat (xem
Co hoc 2). Vi thé ngudi ta ¢6 xu huéng mudn goi v la téc do cha hat con c la téc -
d6 cua song Cdc song khac nhau ¢é td¢ do khdc nhau. Séng am trong khﬁng khi

cb toc ﬁrﬁ ¢ =340 mfs Song dién tir trong chan khong ¢6 téc do ¢ = 3. 10 m/s.

" A, KHAO SAT SONG NGANG VE MAT BONG LUC HOC

I - LAP PHUONG TRINH SONG NGANG
1. Piéu kién khao sat (hay con goi la cac gia thiét)

o Day ménh, mém va dugc kéo cang 6 ca ;
 haidduw. - i 1

' o Céc dao dong clia day 1a nho.

e Stic cang T 12 mot ham bién thién cham ¥q
doc theo day. - | 1. T i ]
' O X AHAX

Hinh 8.1

e s e

ey

o Khong c6 su tit ddn clia dao dong.
2. Lap phuong trinh vi phén clia song
a) Xét ﬁﬁt* phdn & rét nho ctia ddy nam trong khodng x va x + dx (Hinh 8.1).
Goi pdx 1 khi luong clia phén tlr dx nay. "

e u(x, 1) 12 1i 49 clia phéin tif dx tai thoi diém .

du(x, t)
dt

® v(x, 1) = 14 van t6c chia phan tir dx tai thoi diém t.
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5 .
e a(x,t) = 9—; 1a gia toc cha phén tir dx tai thoi diém t.

dt
b) Ap dyng dinh luat IT Niu-ton cho phén tir dx : :
% o | |
pdxw&—— = T,s8in0, - rﬂsmﬁl L (8.1)

Thec} dieu klen khdo sét thi Tg ~ Tl =Ts= cﬂnst doc iheu dﬁy, nén phm:mg
* trinh (8.1) duoc. we’t thainh : -

pdxi— = TlsinB(x + dx) — sinO(x)] (8.2)

Ciing theo diéu i{ién kho sdt thi sin® ~ tanf = g-‘-l- nén phﬁmg tr‘mh.{g_z)
. _ 5

duoc viét thanh :

g v : e B
pdxil; i tane{x+§x) tanﬂ(x}].
_df_ : L dx
: | R TR
= Tdx —than B(x)] Td:*id—2 v
| dx . - dx
‘ d’u T d% d?u ,d%u - 3
Suyra: — = ——— hay — =¢"— (8.3)
i pdax  df dx* . 7

i .. T ..‘ . X I . "
Trong d6 ¢ = \/: la toéc do truyén song. Ta c6 nhén xét téc do truyén séng
. trén diy chi phu thudc vao stc cang T va mat do khéi lugng trén mot don vi chiéu

dai cia day. _ o
Nén nhé rang u(x, t) 1a mot ham cia hai bién t va x, trong khi d6 ta chi 14y dao
ham theo timg bién va gid nguyén bién s6 kia, titc 1 chi iéy dao ham néng phin.

Phuang trinh (8.3) duoc goi 1a phuong trinh vi phdn ciia séng.
i1 - PHUGNG TRINH CUA SONG CHAY HINH SIN
1. Diéu kién khdo sat

Ngoai 4 diéu kién trén day, ta thém vao diéu kién thit nam la day phai rat dai,
dé trong thdi gian khao sat khéng c6 su'phan xa clia séng tai diém cuéi day.
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2. Phurong trinh song

th:rﬂg trmh u(x, t) = amsm[t + J ding la mot ngh1ém cha phlrcfng.

. c
trmh {8.3). That vy :

. - " oo szg _. _'_'K .
@wacoswit + —| =¢ —54Cos® i+ -~
C a;: "C

| Nhu vay phuong trinh cla mﬁt snng ngang hmh sin chay Ia:

' \ [—:s6n chay theo chleu X dm::m 'y
u(x, t) = acusm(t T, x] B . 84)
+: Séng chay theo chiéu x am e :

L]

Pt m = (sn song) thi phu‘ﬂng trinh (8.3) du’ﬂc VIét mﬁt cidch dm Xung -
- -

nhu sau .

u(x, t) =acos(ot F kx). . (8.5)

I - PHUONG TRINH CUA SONG DUNG

1. Diéu kién khao sat ‘

Ngodi 4 diéu kién néu ra  mitc L1, ta them Py
diéu kién thif nam 13 day c6 o d2i L duge cang . é |
ngang giita hai gid d& vimg chic (Hinh 8.2). -+ J=¢ - ' F o
N6i cach khc ta them didu kién bo sau day : | Hinh 8.2

| u(x, t)

= u(X,t =
0 'u(}{_)x L

—

. 2. Phuong trinh cia sﬁng dimg |
Trong trudong hop nay ta ding phwmzé phdp tdch bién 56 :
u(x, ) = gEOR |
Thay vao phuong tﬁﬁh (8.3) ta duoc :

d*f(t) _ JETON 6. d*g(x)
dt dx-

g(x)
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1 d*@) L ] d%g(x)
f(t) at gx) dx?
Ta nhan. thdy v& bén trdi clia phuong trinh (8.6) khong phu thudc x, con vé

phai thi khéng phu thudc t. Do d6 cé hai v€ clia phuong trinh phai bang mot h&ng
88, doc lﬁp vGicat lﬁn x: Do dé phmmg trinh (8.6) duoc viét lai thanh :

(8.6)

hay

2 . 2 '
1. df(t) 2 o 1 d& g(x) T

£ di? g(x) dx*
Tu do suy ra : |
' z
f{t) gl = f(t) Bsm(mt + (P1)
- dt?
d2e(x) _
- + 2 g(x) 0
2 o :
hay SEX) 4 k2g00) = 0 = g(x) = Csin(kx + ) ‘
dx - : | | |

ux, t) = Asin(ot + @y)sin(kx + ©,) | (87)

fip dung diéu kién bd Chn_ phuong trinh (8.?; ta duoc :

u(x, t) T ©, =0

X = {J :
u(x, t) =0= k= L
X = L 2 L

Néu ta chon gdc thdi gian t = 0 1a lic soi day di qua vi trf can bang (VICB),

- hayu(x,0)=0thig;=0. \
 Khi &y phuong trinh clia séng dimg 12 : |
| ii(x, 1) = Asinkxgineot | 8.8)
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B. KHAO SAT SONG NGANG VE MéT’ NANG LUGNG

I1-SUPHAN BO NANG LUQNG TREN DAY KHI CO SONG CHAY
Xét mot phin tu' nho cla day nam gura X va x + dx.
1. Mt d6 dong nang |
Dong n_ﬁng'cﬁa phéan trdx 1a:

- e
dE,4 =—1~{pdx)[—ltl) = —~(pdx]m a 51112 (ot — kx)
Mat do dﬁng nang tai x 12 : ‘ |
dEg _ 1 23 L .
= —poa’sin“(ot —kx) ; 8.9
5 s " ( ). OF B (8.9)
2. Mat do thé nang
Goi : ' .
e dx 12 d6 dai ctia phén tir ctia day khi chua bién dang.
e d/ 12 do dai ctia phdn tlt khi bi€n dang, '

e 81 = dI — dx 1 do bién dang ciia phdn tif dx.
Theo (Hinh 8.3)tacé i (d)? = (dx)* + (du)

\2 2 ~
'[E‘E_] = 14 (5‘1} | ' Hinh 8.3
dx dx '
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= 2' : .
5 1(du |
hay : 2 ] - 8.10
1 dx 2[de | { ;

Vi sitc cang T coi nhu khéng d6i nén cong cha luc c:ﬁng T lam phﬁn tirdx dan

'ra mot luong 8/ 12 dA = TSI Cong nay lam tang thé ndng dan héi clia phzin tir dx,
Dn dé thé’ nang cua phﬁn tr dx 1& ' -

dB, = Té! |
Két hop véi (8.10) va thay T = pc? vao ta dugc :

du : ‘2 ) :
dE, = czdx c“dx.k“a“sin“(ot — kx)
P 2[{1:{] 2p % )

® :
+ Thay k = — vao ta dugc :
C .

B o Lot o - k) C@.1D)
dx SRR : |
3. _Mai do nang lugng tai x
| j—E = pmzazsinz(mt— kx) : (8.12)
X ' . B

4, Nhan xét

- a) Trong séng chay, mdt do .dﬁng ndng va fh“‘é'nd'rzg tai vi tri x cua ddy luén
bién thién dong pha voi nhau. Chung d‘eu cuc cfaz tai vi'tri cdn bing va déu bdng 0
tai vi tri bién,

Ta c6 thé thdy diéu nay qua Hinh 8 4.

Phan tir (1) di qua VTCB c6 van téc 16n
nhdt, dong thoi cling c¢6 do dén cyc dai. Phén
tit (2) & vi trf bién ¢6 vén téc bing 0, dong thoi

cling ¢6 d0 bién dang bing 0 (vi gH 0).
X

b) Su bdng nhau cia gui tri tike thoi ciia mdt dé dﬁng ndng va mdt do rhe ndng
la mot tinh chdt chung cua séng chay, di dé la séng ngang hay séng doc.

Séng dién tir lan truyén cling ¢6 tinh chat twong ty. Mat do nang luong dién
trudng va mat do nang lwong tir trudng ludn bién thién dong pha. Do d6 cudng do

dién trudng E va cam g tir B ciing luén bién thién ciing pha (Hinh 8.5).
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Két qua cho boi cdc cong thic (8.9) va
(8.12) ¢ thé gay ra su ngac nhién, vi chiing ta
thuong quan niém dao dong clia mot phin tu
cia day khi'cé séng chay giéng nhu dao dng
ctia mot con lic 16 xo. Nhung nhu di thdy, néu
xét v& mat nang lr.m'ng thi quan niém do la sai
1dm. Tai sao vay 7" |

S& di ¢6 su khac nhau vé mat nang luong
gifta dao dong cha con lac 10 xo va clia mot
phén tix clia day 1a vi con léc 13 xo 1a mét hé co
‘lap con cdc phin tlr cta day thi khong. Moi
diém cha day, vi du diém C (Hinh 8.6), thuc
hién cong duong lén phén day bén phai. Vi thé )

Hinh 8.6

nang luong cha ngudn luén truyén tir diém gin |
ngudn cho diém xa ngudn. '
I1- KHAO SAT SONG DUNG
1. Su phan b¢ nang .lming trén day khi c¢6 séng dimg
‘Dai v6i séng dimg ta cd ca{: -::.ﬁng thic sau day
@ Vian t6c mdi phﬁn tik :
vV = %‘i = awsin kx cos ot | - . (3.13)_
o Mit d6 dong ﬁing :
2 : :
—& = —p| — —pa’®’ sin®kx cos” @t 8.14
dx 2 p[ dt ) 2 3 Rl
e D9 bién dang twong doi :
5 .
o _ dud o 122 cosPkxsin®ot (8.15)
dx . 2\dx 2 _

e Mat do thé nang :

N2
dE ' : :
b S -1~pc2 (fiﬂ] = %pczazkz cos’kx sin’wt
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!

Thay k = hd vao ta ciuqc.:
Cc

%= %pazmzcoszk'x.sinzcﬁt o . (8.16)

Pé don gidn, ta xét trudng hop trén day hinh thanh hai bung séng. Tir cdc
cong thirc (8.13), (8.14), (8.15), (8.16) ta suy ra théng tin vé su phan bo nﬁng.
lugng trén day.

a)Tait=0:
o u(x,0) = 0

T,

2 Yo = (d_u | a'msiﬁkx_'- |
12 :

 Suy ra s¢i day thing va chuyén dong nhanh nhit. Van tﬁ'c cuc dai bién thién
theo quy luat cda sinkx (Hinh 8.7).

&l

® — = -{}I o : Vroas S
dx g S o= |
: . : N B
¢ 9B _ 0o | D{N B W
dx ' ' ~Vimax £ B

; - - Hinh 8.7
dBy 1 45 5. 2y | g
dx

= —pa“®-sin
2 3 I
Soi day khong dan, do d6 khong co thé nang trén toan dﬁy

Hy

Soi day ¢6 dong nang cuc dai. Mat © dByA
d6 dong ning bién thién theo quy luat . dx

ciia ham sinkx (Hinh 8.8). Sl CIE S

/s
b)T@if:{-: N B N B

' Hinh 8.8
e u(x, 0) = asinkx ; :d;- = "
. t

63 == lazkzcnsgkx
dx

o3 ipazn:nzu::r.)s.zl'u»:
dx 2
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Suy ra sgi day, ding yén tic thoi “T
cdc diém cha day déu & vi trf bién. Soi

day c6 do cong cuc dai (Hinh 8.9). i b N N
Mat. do thé€ nang bién thién theo quy N X
e W : _ \B/
luat clia ham cos”Kx (Hinh 8.10).
. ; _ Hinh 89
Ta cdn biét thém cdc phdn tir tai -
bung s6ng khong c6 thé nang (vi khéng- 4E, i |
bi bién dang) ma chi c6 dbéng nang. de i “
Pong ning cuc dai & VTCB va giam * . ‘
ddn dén 0 kh1 dén vi tri bién. ; \ /;\ /k'\
‘Cc nit chi co thé nang. Thé& nang tai 0 : I:I >
 mit bang 0 khi dﬁ}; qua VICB va tang .
- ddn dén cuc dai khi day dén vi trf bién. Hinh 8.10

Con cic diém khdc trong khi dao dong vira ¢6 dong ning vira c6 thé nang.

2. Su truyé"n nang luong trong séng dung

Tat sao lai goi 1a séng dimg ? C6 phai vi nang lugng khong iru)fén ma dimg
lai 7 Néu dimg lai thi ding G d&u ? Néu c6 truyén thi truyén th€ nao ? Ta hiy
xét vin dé nay. . |

Nhu ta da biét cf} méi quan hé giita cong va nang llmfng Khz ¢6 cong thuc h1f—1-n
~ thi k&m theo d6 1a sy bién déi nang luong hodc nguoc lai. | -

a) Nt ludn ding yén nén né khong thuc hién cong. Do dé nang luong khong' '
truyén qua dugc nit. Bung khong bién dang, siic cang T ta1 bung bing 0, nén bung
: ﬂung kh@ng thu-: hién cong. Do 46 ndng lugng ciing khong truyén qua dugc bung.

Nhu vay nang luong cua moi doan day dai —i~ buéfc song c6 mot ddu la nit,

dau kia la bung thi khﬁﬂg d8i. Néi cach khic, nang lugng "dung" trong moi doan
fit — bung

Trong truong hop trén diay c6 hai bung N B- N B N
séng thi ta c6 4 doan niit — bung (Hinh 8.11). ATy

Nang lugng clia mdi doan day la khong doi.
Khong ¢6 su truyén nang luong tir doan day
nay cho doan day kia.

-H-——-‘———'-'---'—

Tl
i Y

Hinh 8.11
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b) Trong méi doan dﬁy cé su truyén nidng Im:mg khong ? C6 su bién déi tir .

dang dong ning sang thé ning khﬁng ?

Gid st trong :}-T doan day chuyén dong = .B—-»;HH
o du : M"‘-\,
" . tir vi trf bién v& VTCB (Hinh 8.12). Tai mot N : 5
; = , — iy b e ) — :
diém bat ki C, luc' cang T tdc dung vao doan . W
day CB (Hinh 8.12) c6 huéng nhu hink v&. % Hinh 8.12

Diém C thuc hién cong duong (dA = Tdu > 0) do d6 nﬁng lrong Iruy&n
qua C tir trdi sang pha1 :

Trong —l~ T tiép theo, doan day N-B ¢huyén

tong &¥'VICB vi tf bien (Hinh 8.13). Diém m
C'thuc hién cong am (dA = T.dil < 0). Do dé ~ Yaw B

Hinh 8.13

~nang luong truyén tlr phdi qua tréi.
Nhur vay 1a ¢6 sy truyén nang lugng tir diém nay cho diém khée ciia méi doan

day ma ta xét. Néu trong % T, nang lugng truyén tir tréi sang phai, vi du fir nit

dén bung thi trong % T tiép theo, nang lugng truyén theo chiéu tir pﬁe’ii sang trai,

i hung dén niit. Nhu vay, cong sudt truyén qua méi diém tinh trung binh trong |

.mot chu ki thi béng 0. That vay : i
O = "[‘siﬂ\ﬁE = Ttanﬁﬂ
dt _dt
du du

= T.—.— = Ta? mk(am kx cos kx)(sin mt coamt}
dx dt |

= %Tazmk sin(2kx)cos(2mt)

P - %Ta?m_k sin 2Kkx(205 261) = 0

D6 1a diéu ta mong doi.

¢) Tom lai, ndang luong "dimg" trong méi doan ddy dai :i— buoc séng c¢é m—;ﬁ{
dau la niit ddu kia la bung. Nang lwong khéng truyén ra khoi day cling nhu khé.ng
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truyén vao doan day.nay qua nit hoac bung. Mat khéc, trong mdi doan dady thi
ndng lwong lai truyén qua lai tir ddu nay dén ddu kia, déng thdi c6 sy déi dang it
dong nang sang th€ nang va nguoe lai. Vi th€ n€u xét vé sy bio toan va chuyén
héa nang lugng thi cd doan day N-B (chir khong phai timg phén tlr cua day) méi
giong nhu con léc 10 xo. :

_ 3. Theo nguyén 1i chéng chap, séng dimg dm:rc tao thanh do su chﬁng chﬁp
~ cia mot song ttfn va mlﬁt séng phan xa . '

= acos{mt kx) - ams{mt + kx)
u'= 2asinkxsinot ! |
Blén do clia bung song 1a A = 2a, tic la chi: gap hai lﬁn bién dé clia méi snng

-~ Thé nhung trong thyc t€, khi lam thi nghiém vé séng dimng ta duoc séng ¢
bién d6 cuc dai 16n hon 2a nhiéu 1dn. Tai sao vay ? Do cé ma sédt véi khong Khi
nén tai mdi diém bién do cha séng phan xa nhd hon bién d6 cha séng t6i. Do d6
séng tdng hop khong bi triét tiéu tai diém ndt. Nit khong thue sy ding yén ma hoi
dao dong tic 1a vin thuc hién cong. Nang luong tir ngudn van truyén qua duoc
"nidt" 1am nang  luong cia mbi doan day N-B 16n dan 1én, bién do cla bung
séng tang dan lén. Mat khéc t6c do chuyén dong cta day tang dan 1am nang lugng
tiéu hao do ma sét v6i khong khi tang ddn. Bién d¢ cia bung séng dat 161 g_ici',ﬂ";’
khéng ddi khi t6c do tiéw hao ning luong do ma sdt bdng tdc dp cung cdp. ning
lugng cua nguén cho ddy. Va ta c6 thé xem mot doan day N-B ciing nhu ca day
khi c6 séng dimg 1a motvi du vé mdt vdt dao ddng & tdn'so cong hiong £ = ;—E
va mbi gid tri ing véi mét mode dao dong.

C. KHAO SAT SONG DOC VE MAT DONG Lu’c HOC

- Lip PHUONG TRINH SONG CHAY | .é. ///////

Xét truong hop mot soéng &m la song : - XHAX

hing truyén trong mot dng dii, ti€t dién S, - ,
P Yy g %

chita khong khi, nim doc theo truc x. Dé lap

phuong trinh, ta tdch ra mot doan nhé cta 6ng, 1 L
doan nay khi can bing nim trong khodng x va u(x) ’ u(x+4x)
—

X + Ax (Hinh 8.14a), +
' _ Hinh 8.14
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i
Khi c6 séng am truyén téi, cée phﬁn th khl dao dong doc theo truc x.

Goi u(x, t) va u(x + Ax, t) [a1i do cta cdc phdn tir khi & hai ddu doan dng tai”

thoi di€ém t (Hmh 8.14b).

Xét vé phumlg dién ap suat, khi cdc phén tir
khi & trang thai can bing, dp suft & hai dau doan

ong déu bang py (Hinh 8.15a). - -
Khi cdc phan tr khi dao dong, sip sudt tai hai

dau doan éng bién thién (Hinh 8. sy u() —— “( + M]
Goi u o(X, £) la do bién thién 4p sudt (su vdi pp) * by |

_talwtrixvénluct taco: . Hmh8lIs
Tai dﬁu?‘c : up(x* F) = p(x, t)~po - |
Tai ddu x + Ax 1 uy(x + AX, 1) = p(x + AX, f) *Po- |
Dé 1ap phuong trinh séng ta tién hénh cdc budc sau day

l Tmh do b[en thién tuong dﬁt ciia thé tich khi

Duta vio Hinh 8.14 fa c6 : AV = S{u(x + Ax) — u(0)] = sﬂx( i“]
x

S A 4 L, o ®1)
V dx _

4 .

(u(x, t) 1a ham hai bién doc lap la x vart, ﬁén_ -:—u phai duoc hiéu 1a dao ham
) x

riéng phan).

2. Tinh hé s6 nén X

Kha ning chiu nén cta 'moi chat khi dm:rc dac mmg bing dai lucmg f}{lva dm::rc. |

dinh nghia nhu sau :

5% - _AY _ __.‘?‘l’_ o 8.18)
. VAp : Vup .
Két hop véi (8.17) ta duge : |
— = ~Ku_ - : - (8.19
- o (8.19)
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Trong chat khi, su dich chuyén cta céc 16p cha{ khi rﬁt nhanh dén mifc khéc
- khi chiu su bién déi doan nhiét. -

’[‘l:ifpv?zconsthay z‘}.{-pV"):D, suy ra:
| AV _ _lap _ 1%
N YP - YPo
" K&t hop véi (8.18) ta duge : _
R - (8.20)

3. Tinh d chénh léch ap sudt tai hai dau dﬂ:_ll’l ﬁng
. AP = uy(x + Ax) - y= [ 32 e
= u,(X + Ax) — u,(X X
Ap=i; ) = uy(x) = F

Lay dao ham theo x hai vé cha phuong trinh (8.19) ta dugc :

du, 1 d%
) . dx X d}{z
Thay vao trén ta dugc :
1N d*u
Ap = ————AX = —yps| — |Ax* (8.21)
P R ”(dxz} -

4. Ap dung dinh luat II Niu-ton

<38
S[up(x) - up(x + .{i'sx)] = pSﬁx[d ]

dr?
| 's[-zap] pS&x(dz J

ar?

Thay (8.21) vao ta dugc :
d*u _ TP d*u | :
a?  p dx? | J
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Py | 2diuey

: (8.22)

Phu’cmg trinh (8.22) 1a phuong trinh vi phfm clia S{mg li do véi ¢ = F*;ﬂ B

toc do truyén song. Doi véi khéncr kh: ta c6 :

Y :5{-, Py = 10°Pa, p = 1,3%.Suyrﬁv=330mfs."'

i m

__ Tmng.mg hop séng 4m truyén trong mot thanh kim loai thi theo dinh luat Hiic :

AV - E y = ﬁ Khi dy ¢ = E tm: 1a chi phu thudc vio p va sudt
| v 1 ES.,_E_ R \ P . B
Y-ang.
. Séng dp sudt |

Ldy dao ham theo x c& hai vé ciia phuong trinh (8.22) ta duge :

d di 2 d dz -
= 2
dx dt2 dx ch(2

Vi hai bién x va tla doc lﬁp nhau 11én ta c6 thé déi l:hu tu 14y dau ham riéng

phén. Cu thé la:
el (du] ;3 d2 (du]' o
=0 - —
dx dx” L dx .

Két hop véi (8. ig) ta duoc :

du.xt) . d¥u(xt) |
X ;

Phucmg trinh (8.23) la phﬁaﬂg frmh vi phdn ciia séng dp sudt.

Nhu vﬁy, moi diéu dién ra véi li d6 u thi ciing dién ra nhu thé véi do bién thléni- E

© 4p sudt u,, Chi c6 diéu khéc 12 u, = _%EE (d4u "-" rét quan trong), cho nén
. X . "

+'50ng dp sudt fré pha 90° so voi séng li do..
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5. S{mg am hmh sin

Doi véi ngudén am dao dfmg diéu hoa ta cé song am hinh sin. Khi ay nghiém
clia {:zi::. phuong trinh (8.22) va (8.23) la:

u(x, ) = asin(ot — kx) . T (8.24)
,‘ 1 du_akcos(ot — kx) - ”
) = —— _
va  -u p(Xs 1) ‘.'}Cdx — %
hay  uy(x,t)= Bccrs(mt -_kx) -_ '_ N | : ' (825) s
v6i B =1poak o | |

| Phuong trinh (E 24) va (8 ZS) la phuong trmh cha Srfung am hinh 51[1 truyén
theo truc X. :
' u,uh

_ Hinh 8.16 1a-d6 th'; miéu ta séng i
d6 va séng 4p suat tai thdi diém t. Ta . N
* thdy noi n2o li d6 clia cdc phan & khi N
bang 0 thi & rioi d6 do bién thién dp sudt
la cuc dai (v€ gid tri tuyet d6i).

C6 thé giai thich mot cdch dinh
. tinh nhu sau : :

Theo hinh 8.16 hai diém A, B &
sat hai bén bung song C co 11 do bang
nhau (Ws = Ug =~ Uc) nén khﬂé’mg cdch AB vin bing AgB, khi can bang ‘Mat do
khong khi va do d6 4dp sudt & trong khodng hai 16p & s4t hai bén bung séng C vin
nhu khi can: bang. Dﬂ bi€n thién 4p sudt hdng 0. Trdi lai, hai diém D va E & st
hai bén diém G (c6 ug = 0) thi c6 1i d6 bang nhau nhur:g trai diu (up = —ug)

nén khoang cdch DE lén hon DyE khi can bing. Mat d6 khong khi va do d6 dp
sust trong khoang hai 16p & st hai bén diém G nhd hon so véi khi can bing.
© Do giam 4p sudt 1a nhiéu nhat tai diém G. .

Hfrth 8.16°

If - LAP PHUGNG TRINH SONG DUNG
Ta ciing ding phuong phép tach bién s6 nhu da 1am dai véi song ngang. Ta dat :
u(x, t) = g(K)f(t)
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r6i thay vao phuong trinh vi phan (8.22) ta duoc :
u(x, t) = Asinkxsinot - (3‘2'5)

u {x t) =—~-j!{:~ﬁkcc}s}:xsinmt g (8.27) .

Cic phm:mg trinh (8.26) va (8 27) 1a phuong trinh séng dimg d6i véi séng am
hinh sin. - ;

~ D.KHAO SAT SONG DQC VE MAT NANG LUGNG

I-POI VOI SONG CHAY
1. Mat do dong nang
a) Dong ning ctia khai khi trong mot doan 6ng rét nhé :

l du
dE, = — Sd:-:
¢ =3P (dt]

b) Mat do dong nﬁng tal X :

Thay u = acos(wt — kx) vao, ta dugc :
ey = %pmza2 sin®(wt — kx) (8.28) -
¢) Do bién thién mat do dong nang :
oL ool d’ g |
d(ey) = —pw™a®| —sin“(wt — kx) |dt
( d} 5 2 ]:dt ( K):| |
d(ey) = po’a’sin(et ~ kx)cos(et — kx)dt (8.29)

2. Cong tac dung lén hai déu doan ong trong thoi gian dt tinh tir thoi diém ¢

dA =S (upgﬁ) - [upd—uJ | dt
dt X, t dt X+ Axt s
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- Thay U, = —%ill tlr cong thitc (8.19) vao, ta dugc :

dx
| Xildx dt ey \dxdt )y,
= Skoa’ {——.sinz[mt —.k(x + z’sx}} + ..*‘:..:En2 [{u}t‘ = k(x.;‘n]} dt
.'Skmag dg . jl
= — sin“(wt — kx) [dxdt
R ]:dxr ( ) .
= Skéﬂca Zsm(mt — kx)—d--sm(mt - kx)dxdt
3

= &;Emsm(mt - kx)cns{mt ~ kx)dxdt

Thay k = Eﬂ- N — = pcj"jr-‘afn, ta du;_:rc:

a rem—

X
- dA= de.me?’aEsin{mt ~ kx)cos(ot — kx)dt
Mat d6 cong ma khoi khong khi tai x nhan duocla -

480, 2pm3aasin(ojt ~— kx)cos(mt — kx)dt
So sénh voi (8.29) ta Ehﬁ}.f

dA Zdﬂd

de

3. Mat do thé nang

Mat do cong ma khoi kﬁﬁng khi tai x nhan dugc bang d6 bién thien mat do-
nang luong (bao gém cd-dong nang va th€ nang) clia khaoi khi :
' dA
—2 = (e, + ;) = 2de
s e + &) = 2eg
Suy ra: de, = dey

hay . e, = €4 = %pmzaz sin®(ot — kx).
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Vay, mdt dp dong ndng va mdi do thé nang tai méi diém trén phuong truyén - :-'f:
séng cia song doc ludn ludn bang nhaw. Mdt dé dong ndng va mdt do thé ndng
[uén bién thién d’ong pha, ciing cuc das tai VTCB va bang 0 tai vi tri bién.

W =

I - 901 vc.‘jl SONG DUNG

1 "Ta hdy xét séng dimg trong mot 6ng |
hep ¢6 mét dau kin va mot dﬁu hﬂ
(Hinh 8.17a). Tau dau kin, céc phan tr

. khong khi khong _thé chuyén déng vao o HIZ Lo >< -

trong "twong". Chiing ciing khong thé

’ - : . . K= ﬂ b) K'=ﬂ .
- -chuyén dong. tr tuong ra, vi nhu thé s€ cg : {[':g - : {1_04 -
‘mot 16p chan khong & sét tudng hit ching -~ ' S
* trdr lai tudmg ngay lp tdc. Vay, tuong phai ”Pl --><—m | S
12 mot nit cda séng Ii do dimg. Con & ddu {,.; o 9 :xz%
h¢ cac phin i khi’}ng khi chuyén dong tw t=0 t=0
“do v6i toc d6 16n nén ddu hd 121 mot bung - | Hinh 8.17
séng li do dimg. : _ ' Trong thuc 1€, diém niit
_ : ' . cua sdng dp sudt d ngodi
Kén Co-la-ri-nét thu¢ce truong hop nay. . P ddu hd ciia 6ng mot chat

Mi&ﬁg kén & ddu kin,'bén trong ¢6 mot ludi
gi dao dong véi bién d6 rdt nhd (u = 0).

Trong mot ng hep, dai L = % séng li do dimg c6 2 bung va 2 nit nhu &
Hinh 8.17b. Séng 1i do trong truong hop nay ¢é phuong trinh :

u(x, t) = Asinkxcosmt

2. Bay gid ta xét séng dp sudt dirﬁg tuong ing :

Cu,(x,t) = _Lldu_ "—Ak-msk}u.:cnsmlt
AP X dx X

Ta'thdy tai "tuong" (x = () ta dugce mﬁt bung song, con tai ddu hd (x = %—] |

ta dugc mot huat song (u, = U}. Hinh 8.17c miéu ta d6 thi ctia séng dp sudt dimg.
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Ludi ga trong miéng kén Co-la-ri-nét ¢6 tac dung ddy séng dp sudt vé phia ddu
hé, do vay & ddu kin c6 4p sudt u, cyc dai. Tai ddu ho dp sudt bang dp sudt khi
quyén & bén nigoai. Lo .
| - 3. Xét vé mat nang lugng thi nang lu:mg - uﬁ
25 khﬁng truyén qua duge nit séng li do (hay : o = .

" bung séng 4p sudt)-va ciing khong truyén'qua ' Awde

duogc ndt séng dp sudt (hay bung séng li do). u < ><
: : “du - >

D6 1a vi cong sudt truyén 97 = Su P tai céc -

" diém d6 luon luon bing 0. nglmmg"ﬂmg C Hinh 8.8
(hay khong déi) trong méi dnan "mﬁt-hung '

- Hinh 8.18 mo ta séng dimg li 46 va séng dﬁng ap suﬁ't trong mot 6ng hé cé hai
ddu nhu ong sdo.

Toém lai xét vé mat ning lugng snng doc hﬂan foan giong song ngang.

'E. VAN TOC PHA VA VAN TGC NHOM

I-VANTOC PHA

1. Phuong trinh cia .:m}t -sfmg hinh sin truyén theo huéng x trong mot
moi trudng : | . '

X
u{x, 1) = acﬂscﬂ[t - _,_]

c
trong d6 c 1a t6c do lan truyén dao dong tir phdn it nay sang phan tir khéc.
Gia st tai thoi diém t s6ng truyén t&i djém A ¢6 toa do x. Pha cha song tai

Alayr
3
=t ==

Sau At gidy, tic 1a tai thoi diém t + At, song truyén t6i di€ém B c6 toa do 1a
X + Ax. Pha clia séng tai B la :

¢B=m(t+.ﬁtnx+ﬁ?{]
C
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Thay .ﬁx = cAt vao ta duge Pt + At) = dA(1).
Ta ndi ring pha cha séng da truyén di véi toc do 1a ¢, vi th€ ma ¢ dugc goi la
vdn téc pha.—-;xi{' rong muc nz‘ly ta dung ki hiéu Vy tha}r cho c. |

2. Hién tm:rng tAn sac. Moi trmmg tan sac

@) Nhu di biét, khi 4nh sing tring truyén tir I{ht‘)ng khf vao thay tll’lh thi cé
hién tuong tin sac. D6 1a vi chiét sudt n cta thay tinh phu thudc vao bude séng A
clia dnh sdng t6i, ha}r' 14 vi van téc clia inh sdng trong thay tinh phu thude Vao
“budc séng cha dnh séng. Tix d6 ta co thé md rong khéi niém tdn sic nhusau:
Hién tugng tdn sic la hién tigng vin 16 pha ciia dnh sdng phic thugc buisc
séng. Moi tru'::mg trong do cé hlén tuong tﬁn sﬁc du'::fc: gm la mﬂt trucmg tan sde.

b) Vi du
o Séng dién tir c6 hién tuong tin shc 12 vi v, = (0.

, dv.
e S6ng am khong c6 hién tuong t4n séc vi d—f = v.

» Séng bién 6 hién tuong tdn séc lavi v, =ky/A.

II - VAN TOC NHOM | |
1. Mot s6 séng ¢6 tan s6 khic nhau rit 1£ lan truyén them mot phm:rng dl.m‘c gm _
- 1amot nhém song.

2. Ngudi ta thdy ring ﬁi‘mg im;mg dugc nhém sﬁng mang di v4i van toc khac

© v@i van toc pha. |
UA
That vay, tai mdi thoi.diém, bién do

cuc dai clia séng téng hop tuong ing véi
phan khong gian trong-d6 nang lugng tap
trung cuc dai. Piém d6 duoc goi 1a tam C
cia nhém séng (Hinh 8.19). Tai thoi
di€m ti€p theo, do pha cla céc song thay
déi, nén tam C ctia nhém song va cd nang
luong séng ciing chuyén doi trong khong gian. Van t6c dich chuyén cta tam C,
goi 12 van t6¢ nhém, ¢ thé tim dugc néu ta dé vy rang tai tam C, nhu‘ng dao dong

Hinh 8.19
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gay ra bdi cic séng c6 bude séng gidn nhau cé pha frﬂng nhau. Do d6 tai tam song,

pha clia c4c dao dong khong phu thugc bude song : % = 0.

r/ ey
X Vpb x
M”-m[*v} {7-3)

P \
@ = 2 ti fﬂ s
di addl Lk 22
A 2 o _ G X | ; A lv.
Tai C: ti,—p-. +E='D:> Xe =.'—12t-d— BT
A ) At di{ A
dv,
i P a P Taa )
. dx s
vi dtc 12 van t6c nhém, ki hiéu la v, néntaco:
R e | o
‘Ta cfing c6 thé chiing minh dttcjc rang, vén t6¢ nhom duge tinh bing cong thiic :
’ dw | | |
V, = = 8.31
5 dk Bl

3 o
Thay vay, tir van téc pha v, = = tacé:

deo d(v,k) dv
v, = = P =v + k— =v, + k| =—.—
5 dk dk - P dk P dr dk

Mit khdc, tir & = % ta'co :

i

Thay vao ta dugc :
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I1I - SONG DU BROI

~ 1. Theo Do Broi, séng clia cdc hat nhu électron ¢6 bude song lién hé véi dong
luong cla hat then cung mot ciach guﬁng nhu photon, titc 1a theo hé thic :

-2 ©w (832
P=g . (8.32)

Mat khac: then Planck, n&ng im:mg cua hat lién hé véi tin s& ciia séng theo
hé thuc - :

B 2 A
2. Bay gios ta fim van t6c pha va van toc nhom ciia séng Do Broi.
a) Truong hop 1 : hat khong twong déi tinh

R
2m

Thay p tir hé thic (8.32) va E tit hé thu.'c (8.33) vao, ta duoc hé thic tin sic
11311 hé @ véi k nhlI sau : . B

B = hm e 4 : (833}

hk* | . |
® = L | - . (8.34)
4mtm ! ; :
e el ®  hk 1 27 p -
Van toc pha : vV, = — = — = Ap)| — .= —.
" . 'k 4mm 4TCITL( p)( A ) 2m
E .
Vantécnhém: v, = I Al AE ] 2 hk, .
TR 8 dk  dk|4zmm Amm
Térr_n lai : vp = ;;-(v‘lﬁ van toc cua hat}
v = VY

: g,
b) Truong hop 2 : hat tuong d6i tinh
| B2 e pzi‘:z -
Dit p tir hé thitc (8.32) va E tir hé thitc (8.33) vao ta dugc he th_frr:, tdn sic :
hZ 2 hE 24,2 '
0" S HeE . ad

L — 8.35
4n? _ dn* ( )
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L&y dao ham theo k hé thic (8.35) ta dugc :

2 232 2 il
h”Zmdmzhc,Zk:;.d—mch_ﬁjﬂ_E
4> dk  4n* dk ® E

- Thayp=ymgvvaE= }rmﬂcg vao ta dugce :

Yy S LB \

& dk . e s

Tit su phan tich & trén; ta thiy trong ¢4 hai trudng hop van téc nhém déu bing

~véan t6¢ ca hat. Piéu dé ching.té van téc nhém (chit khong phai vin t6c pha) mdi
quyét dlnh hat gan véi song chuyén dong nhanh nhu thé nao.

Bﬁi TAP

8.1, Mot day khong dan, dﬁng chat, dai /, khéi hm‘ng téng cong 1a m, dugc treo
thing ding. Ngudi ta g6 nhe vao ddu trén clia day d€ tao ra mot séng xung
ngang chay xuéng dudi. Péng thoi tai lic d6 ngudi ta thé cho mot vat roi ty do
tir ddu trén cha day. Hoi khi vat di qua snng xung thi cnn cach dau dum clia
dﬂ}r bao nhiéu ? :

DS:xz—f
9

8 2. Xét mﬁt soi day dan héi dunc cang glua
~ hai ddu A va B ¢6 dinh (I—lmh 8.20). Mit

.d6 khoi luong dai cia day 1a p. Tdc do lan truyén s:f}ng ngang trong soi day 1a C.

Hinh 8.20

Goi do dai AB 1z L. Soi day duge kéo ngang va giit cho né c6 dang mot
tam gidc can véi d cao cuc dai h << L & diém giira day. Tai thdi diém t =0,
_day dugc tha ra tir trang thai diing yén. Bd qua moi tdc dung ctia trong trudng.

2) Tim-chu ki dao dong T chia s¢i day.

b) V& hinh dang cia s¢i day & thoi diém-t = :g Trén hinh v&, hiy xé4c dinh
céc do dai va cdc goc diing dé xdc dinﬁ hinh dang ctia soi day.

¢) Tim co nang toan phin cta s¢i day dao dong theo p, ¢, h va L.

2.2
2L, g 2h

PS:a)T=
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8.3.

Mot séng hinh sin truyén theo phuong ngang trén mot soi day bi kéo cang, khéi
lugng riéng tinh theo chiéu dai 12 p. S6ng c6 tin s géc 12 o, t6c do truyén séng
lac vabiendo laa (a<<?h). Sng truyén theo chiéu duong cha truc x.

a) Viét biéu thitc ciia li do u theo t va . |

b) Mat do niing Iugng tai X biing bao nhiéu ?

~ ¢) Lap cong thitc tinh cong sudt truyén doc theo truc x.

'd) Néu séng duoc tao ta bdi mot thiét bi co hoc & ddu day (x = 0), hiy tim lyc
tdc dung theo phuong vudng ; gnc: véi day. : _ '

34

8.5.

8.6.
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DS : b) —_E = po’a’ sin (ot ~ kx) ; ¢) P = cpw’a” sin” (ot — kx). ;
dx : s

d) F (x,t) = -pcm&sm(mt kx}
Mot day dai; c6 p = 0,2 kg/m duoc kéo cang dén stic cang T'= 500 N: Hay tim :
a) Toc do truyén séng ngang trén day.

b) Coéng sudt trung ]:ﬁnﬁ ma ngudén sf;ng cin truyén cho day dé duy tri mot
séng chay cé bién do a = 10 mm va bude song 0,5 m. :

pS:a)50m/s; b)197 W.

Xét mot séng am dimg, phﬁng, cd tan s0 10° Hz trong khong khi tai nhiét do
300 K. Gia st bién do dp sudt do séng nay la 0,1 I‘Wm2 so vGi dp sudt mdi
trudng 1a 10° N/m”. Hay dénh gi4 (bic chia d¢ 16n) bién do dich chuyén ciia
céc phin tit khi do séng nay tao ra. Biét tdc do clia m la ¢ = 340 m/s. |

DS:A=410"°m, |
Van t6c pha ctia mot séng mit nuée ¢ sitc cang mat ngoai T va khoi lugng

riéng pla:
. gl 2nT
%
P 21: Ap

trong d6 g la gia toc trong trudng, A la budc séng.

a) Hay tim van t6c nhom v, clia song mat nudc.




b) Xem v, nhu mot ham clia budc séng. Hay tim gid tri cua v, khi v, ch gia tri
cuc tiéu. |

_ . 5 2 1/4
pys v BEEETEL 5 vg:\@[g} |

22mg/h + 83T /pA3 P

8.7. ) Gin day ngudi ta di ching minh dugc ring dnh sdng c6 thé bi cham di
nhiéu bac do 16n trong mot moi trudng tan sic thich hop cb chiét sudt n. Vén
‘ - des

téc nhém v, cha mot xung dnh sdng duqc cho boi .c.(j_ng thic : v, = =’

tfnng d6 k = % 1a s6 séng. Pao ham duoc 1dy ¢ gi:i tri k = k, twong ting voi |

tin & ctia dinh. Hay chiing minh réng :
c by

Vv, = ————

g dn
n+v—
dv

(Mo dai luong & mau $6 duoc tinh tai tdn s6 clia dinh v, ctia xung)
'b) Hinh 8.21 cho thdy sy bién thién clia chi€t sudt theo tin s6. Hay tinh van
téc nhém tng véi Ay = 600 nm va n{vy =1 MHz). Tap trung sy chﬁ'f vao phan
gin nhu thang cla d6 thi quanh gid tri v,

1,0064
1,004 -
1,002

It
0,998 1
0,996 1

(0,994 - : 2 ; . ! ; ; | y
8 6 -4--2 0 2 4 6 B8(V-vwMH,

Chiét sudtn

Hinh 8.21

DS : vy =2.99.10° m/s
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Chu de 9

THUYET TU'ONG pOI HEP
A. PHﬁ}N EQNG Hoc

 I-HAITIEN B CUA THUYET TUONG DOI VA CAC ¥ NGHIA CUA CHUNG
1. Hai tién de

. Tién dé 1 : Téc do clia anh sdng c6 gid tri nhu nh.:m rrong moi he quy chiéu
(H QC) quan tinh. , -

Tién dé 2 : Céc dmh_ ludr vit li c6 czirzg nzcﬁf dang trong moi HQC qudn tinh.

-2.Y nghia
a) T:en dél:

| e Tién dé 1 thixa nhﬁn anh sang truyén duoc tr-::mg chfm khéng va khong thira
‘nhan sy tén tai ciia HQC ditng yén tuyét d6i.

e Tién dé 1 khﬁng dinh t6c do 4nh sdng trnng chén khung C R 1{)E m/s lamot . -
h?mg s6 dit nguén sdng-hay ngudi quan sdt (NQS) ¢6 van t6c nao.
e Tién dé 1 pht nhén cﬁng thitc cong vén toc cﬁ d:én

b) Tién dé 2 :

Tién dé 2 1a sy md rong nguyén If tuong doi clia Ga- 11 1¢ tir hién tugng co hnc |
sang cdc hién tucmg vat If khac nhur hién tugng dién tir.

IT - CAC HIEU UNG TUONG pOI TENH

Theo Auh~xtmh ta phai coi hai tién d¢ nhu nhimg su kién thuc nghiém mata
khong nén c6 ging gidi thich tai sao lai nhu vay, ma nén huéng vao viéc xdc dinh cdc
hé qua vat Ii cia chiing. Anh-xtanh di van dung hai tién dé vao nhimg thi nghiém
dng tugng véi nhiing con tau chuyén dong thing déu véi t6¢ do 6 thé sdnh dugc vai
toc do énh sdng, tir d6 tim ra dugc nhitng hé qua If thi déng ngac nhién.
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1. Sw mét tinh déng thoi |

Xét mot thi nghiém sau : Trong mot con tau ¢6 dat mot ngudn sdng O gilta hai
mdy thu. Con tau chuyén dong théng déu véi tdc do v so véi mat dat. NQS A ding
.trong tau, con NQS B ding trén mat ddt. Cho nguén phit ra mot chép sang. Hoi
dnh sdng c6 dap vao hai mdy thu cing mot ldc hay khong ?

" Theo NQS A thi 4nh sdng dap vao hai mdy

thu ciing mot Idc. That vay, goi ' 1a khoang céch o e v ;
tir nguén dén méi may thu, t' 12 thdi gian chép %M A DA
sang di t6i may thu (Hinh 9.1). Tacé: Sritae TR
_ | | , ._ | M 'E__% .
{ =uf == | " Hinh 9.1
(trdi) -~ (phdi) ~ C , |
: s X, ¢ by N
Nhung theo NQS B thi khic, mdy thu bén " _ - |
trdi nhan duge chép sing trudc mdy thu bén % s = 4 T
phai. That vay, goi  1a khodng céch tlr nguén g ;
dén mdi mdy thu, t 1a thoi gian chdp sdng di % B
t61 may thu (Hinh 9.2). Ta c6 : : Hinh 9.2
t = L R

(rdi) C + Vv {phﬁi} cC~-V (trdi) {pﬁfni}

~ Nhu véy, su kién ”anh sﬁng dap vao hai mdy thu" xay ra dong thoi trong HQC
 O' nhung khong xay ra dong thoi trong HQC O. T4 néi, tmh déng thoi cia hai sy .
- kién da bi mdt néu xét trong cdc HQCQT khdc nhau.

2. S troi cham (hay s dan ng) cia thoi gian

Ta hiy xét mét thi nghiém sau day. Trong mot con __ Guong
tau, dat mot n'guffin sang trén san tau va mot chiéc guong W
trén trdn cdch san mot do cao h (Hinh 9.3). Con tau i
chuyén dong thing déu véi t6c do v so véi mat-ddt. NQS A 1Ay
ditng trong con tau, NQS B dimg trén mat dit. Cho ngudn

- phit ra mot chdp séng. Anh sang di téi glr{mg roi phan Xa ; . %:i,
trés lai san, dap viio mot mdy ghi dit st ngudn. -

Theo NQS A ghi duoc thi thoi gian 4nh sdng di- véla: Hink 9.3

; 2h
Uy = —
c
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Theo NQS B, con tau chuyén dong (Hinh 9.4) nén thdi gian di - vé clia dnh sdng 1 :

- o + 12 G G G
_tg = - . val 2L = vig ] W 2
:{';k._ [ ) ) . .

Thay vio tadugc: = T |/ \l :
' t 2h | / | \ o
g = , A .
T - SR - 2 S
S ' . ' ' -' _ e v ;v , v .
hay  ty=s Sen o 9y
o .- - i | | .\.
'_Vm | Y [ v2 _ 3:2) Hinh 9.4
| 1=~ =
. .

t' dugc got 1a thoi gfan riéng (con duge ki hiéu ta ty) cia HQC chuyén dong va :
- dugc do boi dong ho treo trong HQC do. Tir cong thie (9.1) tasuy ra:

e Ddng hé chuyén dong chay cham hon déng hé 'dl‘iﬁg yén,

Hay : - | .

° So voi HQC diing yén thi thoi gian trong HQC cﬁuyé'h déng tréi cham ho‘rz
Pén ‘ﬁéy nay ra thac mic : D6i v6i NQS A thi HQC gén v6i con fau 12 HQC

dimg yén, con HQC gén v6i mat-dat 1a HQC chuyén dong. Cho nén theo NQS A

thi thoi gian trén mat d4t woi cham hon. Vay thi ai ding, NQS B hay NQS A ?
Néu chi tdch rieng yéu 6 thoi.gian dé xét thi ta thdy két luan trén day that kho
hiéu, tham chi°vo 1{, Vi thé ta phai xét thém cdc hiéu tng khdc nita va khi 4y sé
hiéu duoc ca hai NQS déu diing (xem cdc bai tap 9.3 va 9.4).

3. Su co chiéu dai (theo phurong chuyén dong)

Ta bs trf thi nghiém nhu sau @ Dat -

‘guong & ddu tau, con ngudn sdng & cudi | R r

“tau. D61 voi NQS A ditng trong tau thi [ é

la chle}l dai cu*il t?au.rj t' 1a thoi glal;l @h ' W — - —Guong
sang di tr ngudn t61 guong va phan- xa _

trd vé dén ngudn (Hinh 9.5). Ta ¢6 : - Hinh 9.5
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" 48c do v, chiéu dai cha thu lal, con

: 210

e

.

~ D6i v6i NQS B diing trén mat dat o
thi con tau chuyén dong thang déu v6i '

e

thoi gian dnh sdng di tir ngudn dén
' guong va phén xa trd vé dén guong la t
(Hinh 9.6). |

Tacod: |
= g 20c ; Sau d6 .
t = + - - -
c -V C+V .;;;2 - 1.,;2 i
§ “2_{,7_2_.- i s C AW
¢ ‘ ' : Cudi cing
Mat khdc t=yt'. Suy ra: | g % B
] = £ : (g_jj o o " Hinh 9.6
v . :

Cong thitc (9.3) ép dung dugc cho khoang céch ciing nhu cho chiéu dai clha
mot vat (xét theo phuong chuyén dong).

Nhw vay, chiéu dai ciia vat chuyén dong thi ngdn hon chiéu dai cua chinh no
khi diing yén. I' dugc goi 1 chiéu dai riéng ciia vdt (con ki hieu 12 Iy). D6 la chiéu
dai duoc do boi mot NQS ding yén doi véi vat.

Chit y:

e Khong c6 sy co lai cua chiéu dai ctia vat theo phuong yuong goc v6i phuong
chuyén déng. Vi du nhu chiéu dai cla tén lira khi chuyén dong thi nho hon chién
dai khi ding yén, nhung dudng kinh ctia tén lira thi vén the. |

e Theo thuyét twong ddi thi cau héi "Thuc ra chiéu dai clia con tau 1a bao
~ nhiéu 7" 1a mot cau hoi vo nghia. Cau hoi cé nghia phai la "Chiéu dai cua tau trong
HQC di cho 12 bao nhiéu 7. -
4. Pong hé ¢ ding sau chay nhanh hon dong ho ¢ diang trude (xét theo
phuong chuyén dong) 5 K | -
Xét mot thi nghiém sau day : Trong con tau chuyén dong thﬁﬁg déu so véi mat
dit dat hai dong hé, mot & ddu tau con mot o cudi tau.
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NQS A ding trong tau thi thdy hai déng hé chay dong b (Hinh 9.7),'-{:{51-1 :
NQS B ding & mat dét thi thdy dong hé & ding sau chay nhanh hon déng hé 5
~ding trude (Hinh 9.8). ) . g

B A - ¥B

Hinh9.7 B Hinh 9.8

~ Ta gii th:r.:h hiéu ting nay nhu sau : | - o FJ '_ Ny
‘Theo NQS B, phii dat nguﬁn sang & vi trf ndo & f e
trong tau d€ dnh sédng (photon) dap vao hai déng hé o L A
cling mot ldc (tinh theo dong hé cta B) ? (Hinh 9.9). T
Vian t6c tuong doi cha photon va cde dong ho lﬁn o gﬁ_,
luot (¢ + V) va(c— v) ta o : ‘ :
Hinh 9.9
t = .'fsgu _ bwse - i '
c+v ¢c-=-v 2
: ¥, LA
' ; z'(c: + v) l(c — v) ' i
Sl.l}" Ta +.. !SEILI = T , !trum = T‘ . %ﬁ Y
NQS A trong con tau thi thdy nguén séng dat &+ | 7. - ﬁ T
vi trf cach hai déng hé nhing khoang theo ding ti e ' |
. inh 9.10
nhtr trén Hinh 9.10. . Hin
1 Ic+ v} I'(c = v)
Poau = .-. 2c 1ttt,rmﬁ'u:: = e

- Trong HQC O, dnh sdng phii di mot doan dudng dai hon d€ dén déng ho

sau va do d6.mat mot khoang thoi gian dﬁi hon la At' = E—; (so véi dong hé &
. ' ' S

“phia trudc). .

- Bay gid goi thoi diém ma NQS B nhin tha}' hai déng hé 1a thm diém céc

photon va dap vao ching. NQS B doc duoc trén dong hé phm sau mot lugng lon

hon dong hd phia trudc la :

L Y
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Piéu nay phit hop véi hiéu tng 1 : Su va cham cta cic photdn v6i hai dong hﬁl
x4y ra déng thoi trong HQC O rihung xay ra trude sau trong HQC O".

111 - PHEP BIEN POI LO-REN-XO (LORENTZ)-

‘1. Mbi su kién (hdy bi€n co) duge xic dmh bﬂng céc toa dﬁ khéng gzan va
thm glan -

Vidu ; Su k1én A duoc xéc dmh (rong HQC 0O bdng g ]
t0g do (¥, ¥, 2, ) (Hinh 9.11a) hodie HQC O' bing toa do - LT LI
(x', ¥, z', t) (Hinh 9.11b). | e vt QT
2. Chiing ta xét hai su kién va tim méi hen hé giffa Ax. A
v At trong HQC O véi Ax' va At' trong HQC O'. Chiing ta : -
gid & m&i lién hé nay 1a tuyén tinh va ¢6 dang nhu sau : L) P

ot——. -

Ax = AAX' + BA @ L _ X
: _ Hinh 9.11
| At = CAt' + DAX' (b) .
Trong d6 A, B, C, D la céc hing s6 ma ta phai xdc dinh. Pé tim cédc hang s6
nay ta phai dua vao cdc hiéu (ing dd néu & muc I

e Néu trong HQC O, hai su kién xay ra & cling mét chd (.fhx = () nhu:ng tai
hai thoi diém khdc nhau (At' # 0) thi theo (b) ta ¢ At = CAt'. D6i chié’u véi haéu
g 2 (thoi glan froi cham trong HQC'O") At = YA, tasuy ra : G,

" & N&u trong HQC O', hai su kién xay ra &'ciing mot thdi diém (At' = . 0) nhung
* & hai noi cdch nhau mot khoang Ax', thi theo (a) ta c6 Ax = AAX'. D6i chi€u voi
hiéu ting 3 (chiéu dai co lai khi chuyén dong) Ax = yAX', tasuyra: A =1.

_ e Néu trong HQC O c6 mot vat dﬁﬁg yén, Ax = 0 thi theo NQS A trong HQC O,
vat niy chuyén dong véi van téc 12 —v. Ta cé Ax' = —vAt' nhung khi Ax = 0 thi theo

(a)tacd Ax' = ;E,ﬁt’ Ta suy ra E v hayB W(wh"— ).

¢ Hiéu ting 4 ndi ring NQSB nhin hai déng hé tmng HQC O' thi thay déng
hé & phia sau (xét theo chicu chuyén dong) chay nhanh hon _ﬁﬁng hé & phia trudc

mot lugng 12 At = J3-Ax' (Ax' = L). Trong khi 6, NQS A lai thdy hai dong ho

. C :
chay déng bé titc 12 At' = 0..Mit khéc theo (b) khi At' = 0 ta c6 At = DAX. Tu do
suyra: D' = -T; o

- C
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Cudi cung ta dugc :

s

Ax = y(AX' + vAt) y .

i - ' ]_ :

E{“._ flt i ,}r[ﬂt! + ﬁ;] ) . T = —--.-.-.__2_
¢/ Vol j o ¥ 9.5)
ﬂ}" =-ﬂ.}"! ' 0 _ {:2 ©

Az = Az . v /

Ta chon géc toa d6 va g6c thdi gian sao cho tai t =1' = 0 thi x=x'=0(nh o
9. 12) Khl a’y (9.5) duge viét thanh :

yMy'
'y(x ¥ vt') 5
; - (96
-t—y(t+i§-)_'. : .,.(..)
L c 2 4 X'
-
5 - . 0=0 %
X =yx-vi) | (tait=t=0)
hay : ] VX | 9.7 :
L=y A | Hinh 9.12
Céc phép bié’n déi (9.'5), (9.6), (9.7) duoc goi la phép bién doi Lo-ren-xo.
IV - CONG THUC CONG VAN TOC
: &:{ Ay .. ; : AX'
--Gm. u, = e uy = 3 ia van t6c r.*:lua vat trong HQC O, u', = = T.ra
0, = % 14 van téc cha vat trong HQC O'. Thee (9.5) ta c6 :
Ax'
LAk _axevar o apt
* At L v AX
5« Hees :
C e At
. ' &}:'
0 = Ay _ Ay’ _ At
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Tém lai, ta dugg cong thiic cong van t6c sau day :

-y ] ]

V - BAT BIEN KHOANG
L Xé(AS)? = A - Al

hay S = x* ~**
Thay (9.6) vao ta duge : - : .

e
; 7 ; VX i
L2 = (i + - ]

X"=Cc't = - - =X -
, ) ; VZ ) | vz ;
T, R

Su}' ra: szms*z hay (as;a = (ASY?.

VI GIAN BO MIN.- cGP XKI (MINKOWSKI)

i B AW , i
x T i : — % 8
[ 4 Vi, bt v, ©-8)
xh 92 I = 3 '
¢ ¢
< : hﬂ}f-! .
ﬂ}r i u}r
u, = uy, = —r . 99
¥ gut ¥ .?[1_\&11‘) | o
" X '
f 1‘|" 3 : L GZ
L C 2 g

| (9.10)
Dﬂl lugng s dugc gm lﬁ bat bzen khodng, vi n6 khong phu thuﬁc vao HQC.

- Trong nh1éu trudng hop, that 13 ¢6 ich néu ta biéu dién vé ma{ hmh hoc phép
bign déi Lo-ren-xo va cdc su kién bing cdch st dung mot gidn d6 khong — thoi

gian, goi 14 gidn dé Min-cop-xki. Dudi day 1a cdch 1ap gian d6 nay.

| Gia sir HQC O chuyén dong theo chiéu duong cta truc x chia HQC O ding
yén v6i téc do v. Méi su kién dugc x4c dinh bang mét diém c6 toa do (x, ct) trong

HQC O hoic biang mot di€ém c6 toa d6 (x', ct’) trong HQC O'.

Ta chon truc x va truc ct ciia HQC O 14 hai truc vudng gdc dugc vE trén mot
tor gidy. Khi 4y, hai truc x' vi ct'.cha HQC O' s& dugc nhin thdy nhu thé nao néu
vé ching trén & gidy nay ? Ching s& nghiéng so v6i cdc truc x va ct mot goc
bing bao nhiéu ? Néu do 1r&n to glﬁy thi ¢& 16n chia mot don vi cua x' va ct' s&

bang bao nhiéu ?
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Dé v& cdc truc x' va ct' trén t& gidy nay ta dﬁﬁg phép bién doi Lo-ren-xd. i

Goi B = — hay v = Be, phép bién déi Lo-ren-xo duoe viét thanh :
c. ' .

X = ';f(xu'+ Bet')
= y(ct'+ Bx’) .

L Gﬁc nghiéng cia truc ct' va co lﬂn cﬁa mot di':mb‘fi -

- Ta hiy xét m-:;')t su kién dugc xdc dinh béng diém A c6 toa di’} (:-L et) = (0, I
tmng HQC O'. Piém A 'ndm trén truc ct’' va cdch géc toa do O' mot don vi ca ct',

Trong HQC O, diém A c¢6 toa do.(x, ct) = (yB, 7). Blrc:‘ng thing néi dzém A \rﬂ'i gﬁ'ﬂ
toa do xac dinh truc ct' {Hinh 9.13). : .

Géc gifta truc ct' va tryc ct 12 0, Tu Hinhi 9.13 tacé +

z ct 4
v ¢t
tan@; =B = — ' (9.11) '
] w2 -r .____A . ’1"
Daém A cich g6c toa do mot doan bang : - o .
i P A
: " - B o
v/l + B* . Do dé, ta dm:rc - Byl® __,,i{___-._B
: ' ' _,ff : |
: L I 82 l
. > " 1 3 -
'r_n@t don vi cha ct' |1 +f° ©.12) - 0=0" Py 1 e
. mot don yrcuact Y1~ Hink 9.13

2. Goc nghiéng cia truc x' va ¢o 1on cua mot don vi |

 Tahdy xét mot su kién khéc duge xdc dinh bing diém B c6 toa do (x', ct') = (1, 0)
trong HQC O'. Piém B nam trén truc x' va cdch gdc toa do O' mot don vi clia X'.
Trong HQC O, d_iém_l-B cd toa do (x, ct) = (y, yB). Dudng thanig nGi diém B véi gdc
toa d6 x4c dinh truc x'. Dua vao Hinh 9.13 va lap luan tuong tu nhu trén, ta duoc :

=0, ="0.
mot don vi chia x' |1+ B2
mot don vi clia x 1-p?
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Nhu vay, trén gidn do Min—cﬁ'pixk'i c4 hai truc x' va ct' déu nghiéng di cling mot
1+ !3
1-p*

goc 0 d6i véi cdce true x va ct v%i déu bi kéo din ra véi cling mot thira so |

% Btrﬁ'ng vitrg
Bwo'ng di cua mot vdt trong khéng — thoi gian d;{o’c goi la d;rang Vil try.

~ Trén gidn dé Min-cop-xki, truc ct' [a dudng
vil tru chia.mot NQS ding tai géc toa do clia
HQC O'". Moi diém trén truc ct' biéu dién cdc su
kién x4y ra tai chd NQS ding, con moi diém -
trén truc x' biéu dién cdc su kién xady ra dong _
thoi (tai t' = 0). Mot vat chuyén \q'cjng déu doc . -
theo truc X' cia HQC O' ¢6 dudng vii tru la
dudng thing. Toa d9 cia diém P trén dudng vii
tru cua vat trong HQC O’ la (x', ct'), dugc xdc
dinh bang hinh binh hanh O'CPD (Hinh 9.14).
Toa d6 x' chia diém P 1a doan O'C. = |

. 4, Bay giv ta néi dé’n tdc dung cha gidn dé Min- -cop-xki. Néu cho blét hai sy
kién trong khong — thoi gian, ta s biéu dién ching bing hai diém trén gian do.
Dua vio gidn dé ta tim thdy ngay cdc dai luong Ax, Act, Ax', Act'. D6 chinh 1a cdc
dai lugng ma hai NQS do duoc trong hai HQC khéc nhau. '

VII - HIEU UNG DOP-PLE TUONG DPOI TINH

1. Gia st mot nguén S chuyén dong A - .
thing déu v6i (62 d0 v 16 NQS (Hinh 9.15). 5 Y& s NOS
Trong HQC ctia nguén (HQC O') ngudn phat i (+)

ra nhilng chdp sdng cdch nhau moét khoang Hinh 9.15
3 n .

thoi gian 1a At' = —

Trong HQC chia N QS- (HQC O) thi thoi -gian gita cdc chép sdng nay la
At = yAt'. Nhu vay, cdc photon clia mot chép séng di dwoc mot doan dudng 1 cAt
thi chép sdng sau madi xay ra. Ciling trong thoi gian nay thi nguoén di di duge doan
‘dudng vAt vé phia NQS. Do d6, tai thoi diém chdp sdng sau xay ra, cdc photon clia
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¥

chép sang sau & cadch photon cta chdp sdng trude mot doan dudmg 1a (c — v)At. Goi :
AT la khoang thdi gian gitfa hai lan lién ti€p mat NQS nhan dugc chdp séng, ta 6

. AT = (c - V)AL o (c? - v )yAL

AT =

: .Dat B'= i, ta c .
{: %

>0:f>f N

= et By [ e sy

i%.T I—-p vi<Q:f<f' | i .

2. Néu tai t’ﬂe&u dlém X€ét, nguﬁn dang
chuyén dong theo huéng lap véi huéng tir

A 161 B mot géc 12 @ (Hinh 9.16) thi ta ¢ : | Xf( - ' %
' . i Ry - . NQS z
B 2 N

2 AT 7 . B
f = b (9.14)

1~ Bcosg Hinh 9.16

3. Hiéu dimg Do6p-ple doi véi danh :ﬁaa‘_'ng nhin thdy da cho phép céc nha thiéﬁ vin ';
hoc x4c dinh dugc chuyén dcmg clia cdc ng6i sao hay thién ha :ifii vai Trai Pat.

That viy, gia st cé mf)t ngdi sao (nguodn S) chuyén dong ra xa Trai Dat trén
duong thang AB Thay ¢ = 180° vao cong thﬁr.: (9.14), ta dugc :

) -

v
Vi —<1 nén:
C.
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A v AX {ﬂl > 0 : ngoi sao chuyén dong ra xa

=— ha}f V=C— : :
T A" |AX < 0 : ng6i sao chuyén déng lai gan.

.Céc quan st thién van cho thdy cdc thién ha dang chuyén dong ra xa Trdi Da’t
va cﬁng ra xa chiing chuyén dﬁng cang nhanh

VIII - HE QUY CHIEU RIENG. GIA TOC RIENG

Dé ¢6 thé van dung duoc cdc hiéu ting clia thuyét twong d6i hep vio viéc xét
chuyén dong c6 gia t6c clia mot vat, ngudi ta dua ra hai khdi niém méi 1a HOC
riéng va gia téc riéng ciia vdt. v

Xét mot con tau Iuc ddu ding yén !mng HQC ding yén (I—IQC phong thi
nghiém). Goi t 1a thoi gian chi boi dong hoé trong HQC dl_mg yén, T 1a thoi gian
chi bdi déng hé trong con tau. Tai thdi diém t = B = 0, tau duoc tang tdc. Tai thoi
diém G, tau ¢6 van toc 1a v(% ) va duge coi 1a dimg yén tdc thdi trong mat HQC
quﬁn tinh chuyén dong véi véin téc bang v(%). HQC nay goi 1a H QC riéng. Trong

- HQC riéng, tau cé gia toc rré‘ng a' nén tai thoi diém % + d% tu c6 van toc adF
- d6i véi HQC riéng. Vi tau c6 gia t6c riéng a' nén nha du hanh cdm thdy chiu mot
luc F = ma' tdc dung Ién co thé.

Biy gid ta 4p dung cong thic cong van toc dé tinh vén toc v(%) cla tau d6i
VOl HQC ding yén dudi dang nhu sau :

v(%)+a' d%'
WE +dF) = o @) dT
5
i 2
E% =_a‘[1 —Z—ZJ | (a)

Ly tich phan hai vé& cta (a) :

Y dv' :2;1 ' lI
_f = Ia d%
0

ﬂl_v
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5 ' X
~ d
fi.p dung cong thic tich phan I : %
: al—x

== tanh 'x va néu a' khong ddi thi ta dugc :
(%) ='ctanh(ﬁ] | 9.15)

, ¢ | .

Pé tinh v(t) ta 4p dung hiéu ting 1 duéi dang d% = — vao cong thic (a) :

. - : 2 5 . ' '. o . & :.. .
ydv [ VR . - |
E*'@‘(? "’i’) ] e

Ly tich phan hai v€cia (b) :

f-

V()= e e (OFRY

F?J

B. PHAN PONG LUC HOC

Bay gi® chiing ta xét trudng hop cdc hat chuyén dong vdi téc do rat 16n dén va
cham véi nhau. Chiing ta thita nhan riing trong cdc va cham d6, dong luong toan phén .
va nang luong toan phén chia hé hat 1a nhitng dai lwong bao toan. Dua vao cdc hiéu
{ing twong d6i tinh & phin trén, chiing ta hiy tim biéu thic cho hai dai lugng ndy.

1-PONG LUGNG

1. Xét mot hé gbm hai hat gidng nhau A va B chuyén dong dén va cham v6i
nhau. Trong HQC phong thi nghiém (TN), ching chuyén dong nguogc chiéu véi
t6c d¢ biang nhau nhung theo huéng x thi t6c dd |v,| nhd, con theo hudng y thi
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e do |vy| 16n (Hinh 9.17). D€ cho dé hiéy, ta hiy :
hinh dung moét loat céc da.mrng thang ding cdch déu
nhau dé lam can ci. Gia sir ca hai hat déu ¢6 dﬁng
hé giéng nhau, ching kéu tich tac méi khi di qua
mot dudmg.

Bay glcr ta xét su va cham ciia hai hat trﬂng HQC

i — =
———

- ————

T S — -

chuyén dong theo phuong y v6i cing van toc vy, nhu
hat A. Trong HQC nay tinh hudng va cham du-:;rc: mo
t4 bsi Hinh 9.18. Vi va cham chi lam di ddu chavan  minn9o.17

e e A R ——

=

-

“t6c cha hai hat theo truc x, nén |p,| cla hai hat ph'ﬁi
~ bang nhau. Néu khong 'thi dﬁng luong toan phdn
_ Px, + Py, Cla he s& ddi ddu sau va cham chtt khong

_ duoc béo toan. The nhung trong HQC nay thi t6c do
ctia hai hat lai khong bing nhau. Hat A gin nhur ding
yén, con hat B chuyén tiijng véi toc do rat 16n. Do d6
:‘.‘l{ing hé cua B chay cham hon ddng hé cia A boi -

f 2

mot thua 36’ bing L = \‘1 = L Vavi dong hé cua
: 4 c?

B chi kéu tich tic méi khi qua mot dudng thing ding
" (su kién nay doc lap vé6i HQC), nén B phai chuyén
dong cham hon theo phuong x bdi 'mot thira s6

o= e

Hinh 9.18

bang l.- Do dé, biéu thiic p, = mv, clia co"hc}c ¢d dién khong con ddng cho
¥ : :

dong lmz_mg.' Néu ta thém thira s6 y.va0 py dé tr& thanh :

mv, : |
Py = ymv, = —-~i5— : (9.17)

A

1-—
a2

thi ding vdi bai todn va cham ndy. That vay y = 1 déivi Avay = ,i - doi
[
c

© v6i B. N6 khir mot céch chinh xdc hiéu iing lam gidm v, cia B.
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Tém lai, dong lugng clia mot hat chuyén dong véi van toc V 14 :

B =ymv = L o (9.18)

2. Dinh luat II Niu-ton |
Thuyét trong d6i thiva nhan dinh luat T Niu-ton duéi dang sau day :

o B = , (9.19)
Cdt S B

md(yv)
dt

Viy c6 thé thay ddi theo thoi gian, nén F = = fma,.ti’rc A F# ma,
3. Van toc gi¢i han

Luc tdc dung 1én mot hat lam tﬁng van tﬁc ciia hat nhung van téc clia hat c6
- the tang mai dugc khong ?

_ 2 .
Néu v > ¢ thi ,[1 -~ & thanh s6 &0 : chiéu dai, khodng thoi gian khong
2
con Ia s6 thuc. Suy ra céc vat thong thudng khong thé ¢ tc do 16n hon ¢ = 3.10% m/s.
Cho dén bay gio c = 3.10° m/s vin 1a t6c d6. gi6i han cia vil tru.
I - NANG LUONG

1. Thuyét tuong d6i thira nhan dinh 1i déng niang duogc viét dudi cl;,;ng sau day :
Fdx =dE (9.20)
2. Dua vao cong thite (9.20) ta tim biéu thic cha nang luong

B =Fdi = Pax vdp
o odt
- Thay vdp = d(pv) — pdv vao ta duoc :

dE = d(pv) - mvdv

134



= H v
JdEEPV‘mI vdvi
Egy v=0 1._1_.
CZ ; =y

. 2
2 v
. E—Eﬂ:?mvz+mc21/1—~—z—mc2

5 2 2 Vil g
- = ymv© + ymc {l m-?]—m_c-__
. 7 ¢

i v

_ | EQE{}:?mcE.'—mc: :
| Tﬁdétasuj?r:a: _ '_ _
| . E=ymc’ wFE o S (921
12 nang luong clia mot hat chuyén dong vm tbedov:
Eq = mc” o 922)

1a nang luong nghi cta hat, tic 12 nang luong cta hat khi v = 0.

- I - MOI LIEN HE GIUA NANG LUGNG VA PONG LUGNG

2

| . - ;
1. B~ pzcz = szz il szzvz 2 = TE m2ct [1 N V_]
. c”

E* - pzc? = m?c* = const o 923

D6 1 mot bat bién d6i v6i phép bién d6i Lo-ren-xa.

p ymv p Vv ' '
2. £ = = = — 9.24
E  ymc? B & ( | ;
3. Dong iuqﬁg va nang lugng ctia mot photon :

Theo thuyét luong tir 4nh séng thi photon c6 khéi lugng m = 0 va c6 nang
Iwong ¢ = hf, Theo hé thitc (9.23) thi khim =0, ta co :

" E
F’=—:‘h—f=E : (9.25)
C C X ' .
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" IV - KHOI LUGNG

1. Theo quan niém cf, ngudi ta mudn dong luong ¢6 xﬁﬁt dang dep nhu & Co ks

- hoc 6 dién, nén da coi ym Ia khéi lugng trong doi tinh clia hat, tic 1a kh6i lugng
ctia hat khi chuyén dong véi toc do v rat 16n, con m1a kh6i luong nghi, tic 1a khéi

Iucmg ctia hat khi ddng yén hodc chuyén dong voi v < ¢ va ki hiéu 1a my. Nhung
néu theo quan niém nay thi lyc F ciing phEll co dang dep laF= yma, trong khi nhu_
éathﬁyF ysmaf | | .

-2. Theo quan niém mdi (xuit hl;é‘:n trong vong 20 nam tréy lai day) ﬂ'][ chi ¢6

mot khéi lugng gin b6 v6i hat, khéi luong nay 12 mot cdi gi dé giong nhu khéi -

lugng ciaco hoc Niu-ton hay khéi lugng nghi theo quan niém cii. Vi chi c6 mot -

_ loai kh6i lugng nén khong cén thiét phai ding thuét ngit khéi lugng nghi hay ki

~ hiéu la: my. Mat khéc, hé thic E? - pict = m’c’ cing c6 thém cho quan niém khéi

lwrong m 1a mot bat bién tmng khi E va p thi phu thudc vao HQC. I{h&r{g c6 khoi

luong tuwong ddi tinh ma chi 6 nang luefng twong d6i tinh E }rmc va dong lugng
~ tuong déi tmh duoc viét la.p = myv. -

. V-DONG NANG. BINH LUAT BAO TOAN BONG LUGNG VANANGLUGNG

1. Trong co hoc twong déi, khi ta néi dén nﬁng'? lugng E = ‘f’ﬂlc ‘ctia mot hat 1a
“ta mudn néi dén ndng luong toan phcfn Nang luong toin phén bing tdng clia nﬁng
lugng nghi va dong nang (ki hiéu 13 K). :

E=Bg+K=K=(-Dm? - = 9:26)
2. Néu v < ¢ thi cong thic (9.22) tr& thanh - | | o

.2
l{=(1f~u_l)mc2:mc 1+L+ - me? = lmvz
. 22 2

3. Trong co c6 dién, sy sinh ra nhiét trong va cham mém di phéd v& sy bao

toan dong nang va nhiét sinh ra dugc gin vao mot dang chia ning luong. Con

trong co twong d6i ching ta khong lo lang vé su sinh ra nhiét. Nhiét sinh ra

duge chuyén vio kh6i lugng clia hat méi. Phdn nang luong twong tng v6i phan

tang khoi lugng cta hat mdéi 14y tir dong ndng ban ddu cia hai hat (xem bai
tap 9.21). Nhu viy, hai dinh ludt bdo toan dong lugng va ndng luong trong
thuyét tuong doi dp dung dugce cho moi loai va cham. Con khéi luong khong
nhét thi€t dugc bao toan trong va cham nén dong ning ciing khong nhat thiét
duoc baﬂ toan (xem bai tap 9.21). :
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BAITAP

9.1. Mot thanh diing yén trong HQC 0", ¢6 chiéu dai rieng /' va lam véi truc O'x’
mot gée 0. HQC O' chuyén dong véi van téc v doc theo truc Ox clia HQC 0.
Céc truc Ox vf«ft O'x' triing nhau. Hay tinh chiéu dai / cha thanh va goc 6‘ mi
thanh lam vm truc Ox trong HQC 0. : :

1
2 2
Bivd s z{ [”E}ms%} .

: tan '
tanB = —

1=
CE

9.2. Mot thanh cé chiéu dai riéng I, chuyén dong doc theo mot chiée thude ding
yén v6i van toc khong ddi 1a v. NQS B (trong HQC gén vdi thudce) da ddnh ddu
* ddng thoi vi tri cha hai'ddu thanh Ién thude va doc duge khodng cdch giita hai

ddu Ia Ax; =4 m. NQS A (trong HQC gén véi thanh) di ddnh ddu déng thoi vi
tri ciia hai d4u thanh Ién thude. NQS B doc duﬁc trén thude khodng cich giita

hai d4u 12 Ax, = 9 m. Tinh I' viv va giai th{ch cac phép do dua trén hiéu ing 1
(Su mat tinh dong thot). :

DS . 6m;v=0,745c.
9.3. Mot thién ha co du&ng kinh xdp xi 10° nim 4nh sang. Mot prﬁtﬁh bay vw:fri. van

téc v = 0,99999 ¢ d6i.véi HQC dimg yén cia thién ha. Hoi proton phai bay
mét bao lau thi qua duoc thién ha ? |

a) Do trong HQC diing yéﬂ d6i véi thien ha.
b) Po trong HQC diing yén d6i véi proton.

Goi ¥ : Trong bai nay ta ding don vi do dai la nim 4nh sang (ki hiéu 1a n.c).
Nam dnh sdng 1a chiéu dai quang dudng ma dnh sdng di duge trong mot nam

In.c = 9.46.10'2 km

DS :a) 10° nam ; b) 450 nam.
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9.4.

c4c dong hé déu duge chinh dé
- chi s6 0 (Hinh 9.19). Hoi khi con

Cé hai hanh tinh A va B, ding

1 < — -
yén so véi nhau, cich nhau 1a L ﬁCD = b @B
va.c6 cdc dong hé chay dong bo. ” - |

Mot con tau T bay véi t6c d6-v

qua hanh tinh A t6i hanh tinh B. T@ s
Ding viao lic con tau di qua A thi _ o

Hinh 9.19

tau qua B, thi cdc déng h6 Bva T

. chi th& nao ?

' aj X¢ét trong HQC hanh tinh.

bSs : a) Dﬁng.hﬁ & hanh tinh chi =

9.5.

9.6.

b) Xét trong HQC con tau.

.V

5 D8t i toni o BERE
. S
Hat muyon la lqai hat co ban khéng bén, c6 mot thoi gian séng trung binh
(thdi gian song riéng) vao khoﬁng 2,2 pus. Hiy tinh thdi gian s6ng cia mot hat
muy6n bay véi toc do 0,99 ¢ va quing duong di duge ké tir liic sinh ra cho-dén
Idc bi phan hily (do trong HQC phéng thi nghiém),

PS : 15,595 us ; 4,632 km.

Hai con tau, méi chi€c dai 100 m (duoc do khi dr.mg yén) bay vé phia nhau &

vai toc do 0,85¢ doi vai Trai Dat.
a) Méi tau dai bao nhiéu khi duqc_ do boi mot NQS trén Trai Dat 7

b) Tai thdi diém t = 0 (do trén Tréi Didt) hai mii tau gap nhau khi ching bay

qua nhau, Hoi tai thii diém nao thi hai dudi tau di qua nhau ? |

¢) Van toc ctia mdi tau dugc do boi NQS trong tau kia thi bang bao nhiéu ?

DS :a) 52,68 m ; b) 2,066.10 " s ; ¢)-0,987¢.
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9.7. C6 hai HQC qudn tinh O va O' ¢6 hai truc x va x' triing nhag. HQC O' chuyén
dong doc theo truc x vdi van téc v = 0,50c déi véi HQC O. Mot tén lita chuyén
dong doc theo truc y véi van toc u = 0,20¢ (duge do trong HQC O). Hoi trong |
HQC O' thi tén lira chuyén dong vdi van t6c bing bao nhiéu va theo hudng nao ?

- PS :0,53¢; 161,2° d6i véi tryc X'
'9.8. Hai con thu A va B chuyén dong doc theo mot dudng 'lhéﬁg va theo cling
mot huéng, B & trude mat A. Trong HQC Trai D4t, t6c do cha A 12 0,50c,
ctia B 1a 0,75c. Mot tén lira dugc ban ra tir A va bay vé phia B v6i van téc a
v d6i v6i. A. Hoi'v phéi c6 gid tri nhd nhat bang bao nhiéu dé tén lira gap B.
'PS:040c | | e
- 9.9, Hai tau A va B, mffﬂ tau ¢o chléu -::i%u L | . el |
rieng Ly va chuyén déng cling chléu

i -

- A c6 van toc f—‘; con B cé van toc A - Va
B = -
. —5- d&i vér mat dat. Lic bat dau xét g C

thi ddu tau A ngang qua dudi tﬁu B
(Hinh 9. 20). Hm

a) NQS C ditng & mat d4t thdy tau A cdn bao nhleu thoi glan dé vuot tau B
(titc 12 dé duodi thu A ngang qua ddutau B) ?

Hinh 9.20 . -

~ b) NQS B diing trong tau B thay tﬁu A cén bao nhiéu thoi gian dé vuot tau B ?

o 20y, | .
c c - ; -
9.10. Trong HQC phoéng thi nghiem; hai hat
A va B chuyén dong vé6i van téc G va ¥
doc theo cdc dudng dugc chi trén
Hinh 9.21. Géc gifta hai quy dao 12 6. Bl e i
Hoi van téc clha mbi hat duoc quan sét

thdy boi hat kia bang bao nhiéu ?

2 2 s 2 o2
BS:chﬂU‘“){I'” y taﬂe,:vsmﬁa,/c, i

BS

Hinh 921

¥

(1 — uvcos 8)2 , c(veos® —u)
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9.11. Trdng HQC O ¢6 hai xung dnh séng duge phét ra cach nhau 5 us & hai vi
~ tri cdch nhau 5 km: Mot NQS chuyén dong song song v4i dudng ndi hai -

diém & d6 phét ra xung anh sang thi ghi dugc rang hai xung 4nh Sang pht S

ra dong'thoi. Hay tim van tdc ciia NQS.
pS :9.107 m/s. _ _ T
19.12. NQS A nhin thdy hai sy kién xdy ra & cing mot chd va cich nhau vé thot gian
1211075, NQS__.B_' nhin thiy chiing c_ﬁ;:h. nhau vé thoi gian 12,100, Hoi:
~ 2) NQS B nhin thdy hai sy kién xdy ra & hai chd cdch nhau bao nhiéu ? - |
b) Van téc ciia { NQS B s0 v6i NQS A 1 bao nhicu | -

Jie

_DS:a) 520m : b) .

9.13. Trong HQC ding yeén, su kién (1) xdy ra tai (x = 0, ot = 0), su kIEI‘l (2) xdyra
tai (x =2, ct = 1). Bing céch ding gidn d6 Min-cOp-xki ha}f tim mot HQC"

chuyén dong trong dd hai sy kién xdy ra dong thm
BS cHQC chuyén dong theo iruc X vél V_F.% C.

: 9 14 HQC O chuyén dong theo chiéu ducmg cha truc X cua HQC O diing yén v{n'
- 1oc do . J

a) Mot thude dai Im nﬁm yén doc theo truc X' cla HQC O'. Héi néu NQS o

ditng yén trong HQC O do dt’j dai ctia thude thi dugc két qua bao nhiéu ?

b) Bay gi dat thudc nam yén doc theo truc x clia HQC O, Néu NQS dimg yén
- trong HQC O’ do d¢ dai cta thude thi duge két qud bao nhiéu ?

Giéi bing gian d6 Min-c8p-xki.

DS :a) J1-B% ; b) 1 -B%.

9.15. Mot vit chuilé’n dong véi toc do v, trong HQC 0. HQC O’ chuyén dong véi -

toc dé vg so voi HQC O ding yén theo chidu chuyén déng cla vat. Diing gian |

d6 Min-cop-xki hdy tim van t6c u clia vat d61 HQC 0.

Vi + Vv
PSS u= —L—=2_
A

G2
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9.16. Mot ngudn sang S dat tai x =0 trong HQC O. Tai t = 0 ngudn phét ra mot
xung 4nh sdng P, va sau d6 % gidy né lai phat ra mot xung dnh séng P,. Mot -
HQC O' chuyén dong véi van téc v theo chiéu duong clia truc X so véi HQCO.
NQS diing tai O' cia HQC O’ nhan dugc xung P; tai thoi diém t' = (},

-a) Trong HQC O', xung Pz xay ra tal thoi diém ndo va tai vi trf ndo ‘?

b) NQS ditng tai O' nhan dwoc xung P, tai thoi diém nao ?
c) Hay tim biéu thic cho hiéu ing Dép-ple cho 4nh sang

9. 17. Mot con tau hajf ra xa Tréi bat v6i van toc v. Trén thu c6 mdy pha{ va ma}' -
thu tin hiéu rada. Trén dudng diné phdt mot xung rada vé phia Trdi Pit, Dong
hé trén tau cho biét thu nhan dugc tin hiéu phan xa tir Trdi D4t sau 40 s ké ti
ldc phdt, dong thoi mdy thu nhan duoc tm hiéu- phan xa ¢4 tdn sO b&ng mot |
nira tdn s6 cha tin hiéu phat di.

a) Tim vén toc cha tau déi véi Trai Dat.

'b}.Khi Tréi Bt nhin duge tin higu thi né céch tau bao xa ?

¢) Khi tau nhan dugc tin hiéu phan xa thi n6 céch Trai Dt bao xa ?

PSS :a) 5::_; b) 20¢; ¢) 204/2¢.

9.18. Mot hat mézon w ¢6 khéi lugng m amg_ chuyén.dong twong d6i tinh V6i van t6c
v theo chiéu x duong thi phan hity thanh hai phétén. Hay xé4c dinh nang lugng va
‘dong luong clia céc photon trong HQC phong thi nghiém trong hai tnrmg hﬁp

a) Hai photon bay ngugc chiéu nhau doc theo truc X.

b) Hai photon bay theo huéng lam thanh nhiing géc bang nhau véi truc x.

c-t-v)-' (c +v) c?
© ym

C
b)) ym— -,
3 )Y 5 "ﬂm2

9.19. Mot hat ¢6 khoi lugng M dang diing yén trong HQC phﬁng thi nghiém °
thi phan rd thanh hai‘méanh c6 khéi lugng khong bing nhau m; va my.

Hiy suy ra mot biéu thic cho do 16n cta dong lugng clhia méi hat trong
HQC phong thi nghiém,

DS:a) 'ymc(

DS p= ﬁ\[[ml - (my + my)*IM? = (m; - m,y)*].
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9.20. Mot protén ¢6 khdi luong m = 1,67.107 kg,
a) Tinh ndng lugng nghi cta protén ra don vi Jun va MeV.

b) Néuw nang lugng toan phén cia proton bang 3 ldn nang llmng nghi clia nd
thi téc dg cha proton bing bao nhiéu ?

¢) Khi ay dong nang cta proton (theo don vi MeV) va dong luong clia proton
(theo don vi MeV/c) bang bao nhiéu ? - .

~ Chobiét 1eV =1,6.10 7 cv=1,6.10"°1.
DS : 2) 1,50.107T; 939 MeV ; b) 0,943c ; ¢) 2660 MeV/c.

- 9.21. Trong HQC phong thi nghiém c6é hai hat giéng nhau, khéi luong m,
chuyén dong ngugc chiéu nhau véi cling t6c do u dén va cham v6i nhau.
Sau va ¢ham chiing dinh vao nhau (va cham mém) va tao thanh mot ‘hat méi
¢6 khéi lhegng M. Tinh M.

D8 M.ee 20 ¥ g | _- ,

] e

CZ

9.22. Mot photon co tin so f, bay dén va cham v6i mot électron dang diing yén.
Sau va cham, photon bi léch di mot gée 90° so véi hudng ban ddu va c6 tdn

" 56 ', con électron thi ¢6 dong lugng tuong d6i tinh 12 P P 1am thanh mot géc 0.
S0 v61 hudng ban dﬁu ctia photon. E

I'I'l'il2

a) Chiing t6 ring cipz =hX(E+ ) vaf = (1 B -I-’f._) f.
b) Khi hf < mc? thi £, § va p bing bao nhiéu ?

9.23. Mot hat mézon n cb .df;mg lugng Smyc va cham véi mot proton, khoi I,iri;rng
- my, = 7my dang diing yén. Va cham la dan hoi. Hay tim :
a) Van téc clia kh6i tam ctia hé hai hat. . '
b) Nang Iuong toan phin clia hé {rﬁng HQC khéi tam,
¢) Pong lugng ctia hat mézon tr;;mg HQC kh6i tam.

DS ;a)0,413c;b) 11,02 mﬂc2 ey 3,17 mee
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9.24. Mot hat, khgi lugng m, bj phan ré thanh hai photon, Thira nhan ring mot
photon ¢ nang lugng € =hf va cé dong luong p = E Bﬁng.céch xét sy phan

C
“hity ndy trong HQC ma hat diing yén va trong HQC ma hat chuyén dfmg v6i

van toc v, hdy suy ra cong thifc tuong dsi tinh cho nang luo‘ng E = ‘}-'ITLC va
dong lugng p = ymv cua hat. . a5

Goi ¥ = Stt dung hléu u‘ng Dﬁp-plﬁ tm:mg d6i tinh,

9.25 Cé hai HQC QT : HQC 0O ding yt’:n HQC O'. i o
~chuyén dong véi van t6c v theo chiéu duong cha Y. Y4—>

truc x clia O. Mot hat chuyén dong doc theo truc -_ ._W&H;..“
X' trong HQC O' v6i dong luong p' va nang luong . :

E' (Hinh 9.22). Tim cong thitc timh pvAE ciahat O * O X
'tm!lg HQCO. ~. | - ' " Hinh 922 |

DS 'p= T(p' +§] ;. E=v(E'+ vp').
. c :

9.26. Mot guong phing chuyén dong trong chan khong = ¥ L
v6i van toc tuong ddi tinh 1a ¥. Mot chim photon, )
tdn sO f, t6i vuéng gbc véi guong (Hinh 9.23). Hoi ' p |
nang luong va tan s6 cta mbi photon phan xa ? il 9{ o
Tinh bang hai céch. e e
Hinh 9.23

Cdch 1. Ding phép bién déi E va p trong hai HQC OvaO.
~ Céch 2. Dung cong thitc Dap-ple twong déi tinh.

55 f[AB, pg|LEEY
1-B 1-p
9.27. Mot hat khai Em;rhg m cﬁiu mot luc khong déi F huéng theo truc Ox clia
HQC 0. O thoi di€m ban d4u hat ding yén tai O.

Hay xdc dinh vin t6¢ va toa do x ciia hat theo thoi gian t.

9.28. Hai hat gi6ng nhau, kh&i luong m, dang ditng yén cdch nhau mot doan x.
Mot luc khong déi F gia t6c cho mot hat chuyén déng hudng t6i hat kia cho
dén khi chiing va cham va dinh vao nhau. Hoi :

a) Théi gian chuyén dong clia hat chiu luc ?
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" b) Khéi luong cia hat tao thanh 7

' | 2 “u s
2 :
BS:a}t:‘:ch[Fx+;ﬂc] ml;b}hrl:muzl.;._,}_

F mec ‘-?2
\ AT ]
| \ c” )/

9.29 Xét mot hat c6 khdi im:mg m chm mm; luc F clia trudng Euc khfmg déi va déu
" (dugc xac dinh trong HQC ding yén) huéng theo chiéu duong cta truc x. Goi
~ "t 1a thoi gian trong HQC ding yén. Goi % 1a thoi gian duoe chi béi dong hﬁ

ctia hat. Ban ddu hat dimg yén tai goc toa do (t = ‘:&7 0; x = 0). Hay tmh
a) Gia t6c a ctia hat déi véi HQC chmg yén. '
~ b) Van téc v(1) cta hat tai th&n d:ém t trong HQC dfmg yén

c) Gia t6c riéng a' clia hat. - .
d) Van toc v(%) cu;a hat tai thoi diém déng hé cha hat chi 5.

Ft . _
Bs:a)a=—§—;b}v(t):—_—m'—“’*ﬂm-—';é}a'-:ﬁa;d)v(%j:etmm[ﬁ}
w8 _ (FtT Le )
14| —
; . mc

L]
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- HUGNG DAN GIAI

- CHU PE 1

1.1.2) Chuyén dong trun déu (theu chléu nguot: 1a1 v6i chiéu quay clia s&n}

b) Gia téc hmﬁng tam, |
c) Lu?c i tam vﬁ lu:c: Cﬁ-n-n Ht (Hinh 1. IGh)

) HQCdat . " b) HQC san
| Hinh 1.1G P

’

a B . ) . ' -
i - ! . s r
‘Goi €, la vecto don vi [er = --]

r
Fi = ~md A@AT) (v6i T = OA)
4;,; = mmzr'Er.
F, = = 2m@A7y) = - 2m[d A DA T)]

. 5
Fc = - 2m-r Cr
= = = 2 4=
_ th = Fﬂ + Fc = - m. I'IEI.
{Fm 14 hop luc cha luc 11 tam va luc C(}-ri_ré-'lft):

Chii ¥ : |
- Trong HQC dit, difa tré tai A chiu hai luc can bing, trong luc va phén luc
ctia hat dat. D6 1a hai luce thyc, c6 nguonigde tir su twong téc gifta cée vat.
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— Trong HQC san, dda tré chiu thém hai luc qudn tinh, lyc i tam va luc
Co-ri-6-1it. Hai lyc nay khong phai 1a hai lgc thyc ma la hai luc do.
"‘Ciéc luc a0 co nguﬁn gdc tir HQC phi quén tinh.

1.2, a) Chion HQC gan v6i Trdi Dat. Day 1a HQC quay véi chu ki quay 1a 24 h.
Con séng thdy vé phia nam do d6 chiu thém luc Co-ri-o-lit.

. ﬁc fk"rﬂ‘
- o
3 | mE _ |
Botay ° Bbdong
x ; e )
_“Hink 1.2G ., Hinh'1.3G

Theo cong thic E, = - 2m(@A¥) thi ¥ & day chinh 12 van t6c ¥ clia dong
chay. Luc Fc vuéng gdéc véi mat phing chita hai vecto. & va v, tic 1a vudng
gbc véi mat phing kinh tuyén qua M (Hinh 1.2G). Suy ra F, ndm ngang va

vudng géc véi ON. Luc nay hucmg vé phla tay lam muc nuﬂc ¢ b tay cao hon
(Hinh 1.3G). - -

b) Theo dinh nghia chinh xdc thi trong luc 1a hO‘p luc clia luc h&p din va hrc
li tam tdc dung 1én vat. Trong luc ¢6 phuong thing ding (Hinh 1.3G).

F, 2movsini

tan g =
mg mg
fim LG - 2Lav sm o

£
¢)h =353 cm. '
1.3. Xem Hinh 1.4G (a vab)..

a) Xét chuyén dong roi cha vat trong HQC quay gin véi Trai Dit, ¢ géc toa
do tai O & mat dat, truc Oz thang ding (tic cé phuong clia day roi), truc Oy
huéng vé phia bic, truc Ox huéng vé phia dong. Goi @ la vecto van t6c goc
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cia HQC (ciing 1a cta Trdi D4t), @ hudng theo truc bic — nam cta Tréi Dat.
Goi V la van téc cha vat trong HQC nay. Theo céng thic tinh luc Co-ri-6-lit

" E, = -2m®AV ta thdy luc ndy hudng vé phia dong (Hinh 1.4b).

(Phuong théng dimg)

Hinh I 4G .
b) Ap dung dinh luat II Niu-ton cho HQC quay

ma =th '+-Fft +FE :

Thay Fy + F, = mg, ta dm;rc:

n:‘.l_
E}i
>
=i

mg -~

=i

hay @ = g — 2@

Y

Goi €,, €, va €, lacdc vecto don vi trén céc truc toa d@ XY, %

/ T YiBic)
(Pong) - | oul

(1)

- Lidc déu vat roi thing ding xudng, nén ta c6 thé coi mot cdch gin ding

v = gt€,. Phuong trinh (1) duoc viét thﬁr_lh :
a~—ge, + 2gtOAE,
‘a = —ge + 2gmtcos A

Chiéu ph:.m‘ng trinh (2) 1én truc x ta dugc :

a€, =X = ngﬁcosl

: N
Suyra: X = gtzmcosl Vi X = Egtamcf,}sl

(2

(3)
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Thay h = -2~gl: VA0 (3} ta ducfc X = (

ﬂx~8mm

‘l B B
8h? 2
] MCOSA
9¢ .

| 1 4. Trong HQC quay cua Trar Dit; qua roi trong mdy bay dang bay chiu ba %

luc : luc hdp dén, luc 11 tam va luc Co-ri-6-1it. Luc h4p din luon hudng vé

tam Trai Ddt nén khc‘.‘rng gay ra do léch nau so v6i T. Do do ta chi con xét

hai luc quén tinh:

. a) T.:u Bﬁc cuc, miy bay bay vuéng"_:

gbc véi truc quay cia Trdi Dat (tic Ia

vuong géc véi vecto @) cdn vecto T

thi trﬁng v6i vectd @ (H‘nh I. SG)

Suy ra luc li tam biig 0

(Fy = - mfﬁuh(fﬁmr) =0). Lyc’ i
tam .cﬁng' khong gy ra do lech ndo.
Luc Cori-o-lit E, = -2m(® A ¥)
huéng sang phai so VGi hu&ng
chuyén dﬁng ctia may bay

Tir Hinh 1.5Gb ta tinh dm:fc gbc léch 0:

| F.  2mov 20V

tﬂﬂe £ = =

mg mg &

0

3 (hudng ra ngoai
t gidy)

Thay gid tri bing 6 : v = 250 mfs, © = 7,272.10° rad/s va g = 9,81 m/s,

ta duge 0 = 0,21°.

b) Khi may bay’ bay qua xich dao vé

- phia nam; vecto Vcua mdy bay cung

phwong, nguoc chiéu véi vecte @

~ (Hinh 1.6G). Luc Co-ri-6-lit bang 0
- con luc li tam thi cling hudng véi’
~ vecto T. Vi th€ goéc léch cua day roi
- bang 0.
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¢) Khi mdy bay qua vi d6 A = 45° vé phia nam
(Hinh 1.7G) :
o Luc E, ¢6 do 16n I3 mav~/2 va huéng vao

trong t& gidy, tic la hudng vé bén phai so véi k&
hudng chuyén dong cia may bay. '

e Luc li tam trén Hinh 1.8G thi hucmg sang

trdi va cé d:f: 16n la mo'R 301 wffl huéng
| : JE e ! ]
chuyén déng ctia mdy bay, luc li tim hudng < Hinh 1.7G

chéch 1én 45° so v6i phuong ngang vé phia truéc.

. -Hinh 1.8G

Thanh phén F cta lyc li tam (Hinh 1.8G) lam gidm gi4 tri cla gia t6c gay ra )
bsi Iuc hdp dan. Gla tdc trong tm&ng biéu klén tai vi trf- ndy Ia

o = 9,81 _-_R;”_ = 9,81~ 0,02'= 9,79 m/s".

Thanh phidn E, cda luc 1i tim hung theo van t6c ¥ cita mdy bay.

e Goc léch 0 so véi T (titc 12 so véi —g') ¢6 thé dua vao Hinh 1.8Gb dé tinh :

/2 2 \j(mvﬁ)z*km |
tan 0 = A = — . J(Dl‘i) +(01t]) =0,18°,
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1.5.Do lue cén nguoe chiéu v6i van t6c trong d6i nén khong lam thay déi chiéu
clia van tdc tuong d6i va quy dao cha be trong HQC gin véi dong nude 1a mot

dudmg thﬁng
Goi v Ia ‘urgn t6c ctia bé so vdi by ;
¥ 12 van tdc ctia bé so véi dong nude
vy 12 van téc clia ddng nude so véi b,
mdV d
=m—(F + v, ) =-kv
dt it o)
dv' = — —v'dt
m

Suy ra v' — v;-_», o= wuli(s' - ;s;:,) (Hinh 1.9G)
m | o

Tait=0: vy =0,3v2mfs; s =0

0,342

0,269

‘Tai thdi diém khi ¥ 1am véi truc Ox mot g6e 60°.

Theo Hinh 1.10G ta c6 :

v'__ -V,

sin60°  sin(180° — 45° — 60°)

= v' = 0,269 m/s.

Theo d6 thi Hinh 1.11G thi Ia diém A
cichbd AH=4,1 m. Suyra:

s = 4,142 = 5798 m
Suy. ra ti€p Sy, = 15,86 m.
Viy be cdch bo mét doan 1a :

BH.= ﬂ .15,86 = 11,21
5,798
BH=112m
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AV (mfs) |

b o

5,798 S ?
Hinh 1.9G

H

|
I
|
i
|
I
1
|
1
1
1
i
i
}
I
I
I
1
l
1

Cs
X

Hinh 1.11G




Cdch gidi2 :

mdv e B 2
— ==k(V -V
dt ( o)
Ox : = = —k(jfx -.vn-). | .
mdv : »
i B )
dt 2 :
- —%i dx
(1) =y, =y |1—€ e
o m. | **E-t L : :
Iﬁx:vﬂ.t_fnzl_e‘m | | (3)
. _E,
(2) = vy =v,e M (dovg=v,)
o k |
_ =t _ -
y—vni[l—cm] | 4)
m - '.
T @) va(@) :x=vt-y .
Theo Hinh 1.11G, vat di qua diém (1 ; 4, 1) tai thdi diém to
; . 51 ' :
l=vit—41 =t =— (5)
RS 0 |

Tha}f (5) vao (3) tacd :

- Wil = % m
- 1 =v,tg ﬂ?nf[l - g m } :>+£"=3T,5
m .
T (4)suyra: ¥ = —Ig-vﬂ =37503=112m. -
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- 1.6. Goi 6 t6 1 1a 6 to chuyén d{:nng trén dudng thing con 6 to kia 13 6 t6 2.
a) Gia sri‘f dau bai cho d6 thi cha v, :
Vi = Vg = Vg1 =V — BAOA
Theo do th1 tait; =20sthiv=0.Suyra ¥, = vKT =OAT vadtd 1 l{icdéu
vitrf A trén cung tron (H‘mh 13 IZG) Suy ra;

. v & ;
= mO0A = Y21 - L ¢

Hinh 1.12G ' Hmh 113G

‘Bay gléf ta xét tai t bat ki 16n hon (hay bé hcm} t; mot chut (Hinh 1.13G).

Khi d6 6 t6 & diém Bva viq = 0.0B = ;2 OB.

Chicu phum}g trinh vecto v, = ""12 + Vgr 1€n truc x, ta duge :

¥ = fﬂ OB GDS(I. + ?(12]3_

v .
vy = —E—h + Va2)x : '

Nhung theo (1), v = %b- SUYy 1a Vijgy, = 0 tai moi t = 20 s. Diéu d6 12 vo 1i.

b) By gid ta xét truong hop dé thi clia va;.
Tait; =20s, vo; =0, suy ra irz = Vi

O day Vgt = fr] néntaduge : vy =vy=v {2)
vaoto2ldcdé & C (Hinh 1.14G).

Bay gio ta xét tai t 16n hon (hay bé hon) t; mot
ChH[ (Hinh 1. ISG) - ‘ Hinh 114G
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v, = Vi + V5 = 2vyV, cosa, .
R

%
Ve, = 2?2_.2 sin® —
12 5

Suy ra : ‘-’iz =2y sin%" =

) l:m(t"-— 20)]' L  Hink 115G -
S1n —2— : W o _

VIi = 2%

Theo do thi ctia ddu bai, tai t = 25 s thi v, = 10 m/s. The vio ta dugc : -

; (KSJ
sin| — ||
2R

10 = 2v

"5 = v[sin .vl:'v.' A
80| 80
- Suy rav=20mjs.

'CHU PK 2

2.1.4) Tait: /=L - Ra (Hinh 2.1G) .
lda = vpdt.
L-Ro)da=vydt (1)

- Ldot - 2-d(@?) = vod

= = 1 Hinh 2.1G
R i
L_[dn. o Jd(@y? = vg jd:
0 0 0
L? R LE 2
E—E.?E 0 :b""'"'"—"."ﬂt
12
i =
R E.R-Vﬂ

153



2.3
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b) Luc ma st nguoc chiéu vé6i van toc v nén khong lam thay déi phuong cta
V' ma chi lam giam do6 16n cha v. '

i, E{;l_v = = pmg = dv= “".l;l.gdt
| vEvo-pgt 2)
Thay (2) vao (1) L e ey
(L - Rada = (v — pgt)dt
2 o
2 s i L g2

R -, 0 2
i L2 .
2 z :

1% = 2¥at ==}
MEL: el TR

g LE - 2 - . . '.
:E.‘z_vg _ Hi

e Néu A' > 0 hay néu vy > L -%gv thi thoi gian quén hét day la :

‘ )
2 mel”
0 \/ 0" q

t -—
; hg

e Néu v, -::'LJ% thi vat s& dimg lai trudc khi quin hét day. Thoi gian vt
chuyén dong cho dén khi dimg lai dwoc tinh bing (2) :

_ g |
: Hg

o Xét tai goc o bét ki (Hinh 2.2Ga).

Hop luc tic dung vao méi vat c6 phuong
thang diing, do dé hai vat chuyén dong theo
phuong thang ddng, vat 1 di lén, vat 2 di
xudng. Chon chiéu duong huéng xudng.

e Xdc dinh VTCB tinh :

Vitl : T=mg

Ly

Vat 2 : 2Tsinc = mg

Suy ra o = 30°




e Goi vy, d, v ¥,, d, ldn luot la vin t6c va
gia t6c chia hai vat (Hinh 2.2Gb). Ta ¢6 :

ﬁi.ér = vgsina = ¥
Mat khic : ON + NO; + O;M = const

d(oﬁ} d(NGI)
Cdt dt

(0 M) =
2%+ v =0
ivﬁsin'a + #1 =0=> vy = —2vysinat

Tai VTCB (o = 30°%) : v; = -

BPao ham (a) : vy = —2Vysina + 2v, COS LA
a; = ~2a,sina + 2v, coso.d
Tai VICB : 8 = —a, +v,V3.0

° Dmh luat IT Niu-ton :
T@eicxbﬁtkﬂ:, mal:mg—T

- ma, =mg — 2Tsino
Tai VTCB -(cz =30%:a; =41,

V3

Tha}' (3) vao (2) ta dll'qﬂ-: A = g = “"2““?1&

e Bio toan co ning : Tai o bat ki :
.]im(_vf + v2) = mg{O,N — (ON + NO, - 00,)]

Tai VTCB (0. = 30°) :

1 L 2L
—Z-m{vf + E’%) - mg{:}—g e 2[—\]‘? = LJ}

b)
Hinh 2.2G

2 .
(1)

@) -

3)

“4)
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Két hUp voi (1), ta duge :

vlwzmguz \ﬁ I (5)
d L:
— 0 N) = — Lt i o —
A dti o dti' e cos’o, Tm_
Tai VICB: (0= 30%: ¢ = 1.3 (6)
' . . £ 4
. Thay (6) vao (4): a; = az = ig-_%-% >0
Cudi cung thay (5) vao ta dugc :
a - a, = (6\;— 9)g >0: hu‘{mg xuﬁng}

Vat 1 chuyén ﬂﬁrng cham dén qua VTCB vat 2 chuyén dong nhanh dén qua g'.'_::
VTCB. - .

2.3.2) L =S+ RO = const |
§+RO=0=>8=-RO ()
b) ¥ = ROE, = - S5, 2)
L d o= d -
¢) ¥ = —(QP) = —(S&,) (Hinh 2.3G)
dt dt i -
dg,

=& ¢80 - & _she
ot S—L =58 ;

d) Theo cong thirc cong vén toc :

v = - S08, - : | )
ey =%=—(S€Er + SBE, + $6%,)
i€ = ~(S6 + SO) - 1 | (5)
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A

f) E;(tai A) =0 (Hinh 2.4G).

E, = ~[mgR(1 — cosf) + mgSsinb] (6) |
dE .. A R(l-cos®)
) dE = —mg| Rsin® + ﬁs:‘mﬂ + Scnsﬁ) =0

do - do | Q

= Rsin0 + —j%;;ine + Scos® = 0 : (a)
ViL=S+R0O=const _
| ds . T T g s

= dS+Rd0=0=>—=-R = . . L
-.de 2 5y - Hinh 2.4G

Thay vao (é}, ta-duoc : cos® =0 = 0= g (Hinh'Z.SGI).'. _

Suy ra : E(min) = wmg(R + S)

Bao toan co nang :

m

. i R)
vil=2g(R+L—-~T—[a—]

R

GM

1 mv?
2

- mg(R+8S)=0

Hinh 2.5G

24.a) uy = |—

RU

b) mu Ry = mqui

L od SN0 P D
2 R, 2 Rgy
2R,

= u = Uy '
‘ R, + Ry
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i &

¢) lim u, = +2u,

R;—}OD

@) Viluc hdp din Ia lj._tx: Xuyén tdm nén t:a cﬁ : f
'  + 210 = 0 | |
{E = (- 16%)
Tix (a) ta thdy %(r?{a} = (16 ; 2i0) =0

| :>72E1=Chayr92z%'.

Thay vao (b) ta dugc :

GMm
R? ' R

Tair=R,, tdc6 mé°R; =

L]

Suy ra : C=GMR,. Thay vao (¢) ta duge :

., GM _GMR

r
l."2 lf'3

= ()

Patr=R, +x (x < R,)
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% _—
R? [1 4 i] R?[
R
 OM([. 2x
X+ Sl 11'—* —_ =1
X + G—P;Ex =0 f |
R |
2.5.2) D6i v6i ca tram va mdy
" tham db (Hinh 2.6G) : 3
mdv - GMm-
T .er
dt 2 .
& GM. dv .  GN
— = -8 = —.0 = ~—-¢
dt 1*_2 dot
& GMdt
do 2 da ‘

Il .

) P . - Hinh 2.6G
Pinh luat bao toan MMDL : ' :
rmvy = Rmu = .r[rfiE] = Ru
dt
do. _ Ru’

I e—— = sty
dt rz . ()

3)

Thay (2) vao (1) : dv = ;(%Edmjér
¥

Phuong trinh (3) @ ding cho ca tram va mdy tham do vi né khong chia khéi.
lugng clia chiing. Phuong tiinh (3) cho thdy dV 12 nhu nhau d6i v6i ca tram va
mdy khi vecto vi tri quay dwge mot géc do nhur nhau, '

= ¥, i, =V, — Uy = V (dpcm)
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b) Ap dung dinh luat BTMMBL cho m4y tham do :
rm(u ~ Vsina) = Rmu
uR . p

e = 1(a) = = ' 4y
ar ok (? u-Vsinag 1-esing o _{}.

| - IR
viip=Rvae=—
ETR TR

L]

‘¢) Diéu kién dé qu.i,"r dao ki la‘e = }i-c: 1'hay_\r,’.-::u-,

e
- d) Quy dao khong kin (parabol hoac hypebul) khiex>1,

P

Tir(4) ta c6 : 1(o) = ,
l —esing .

r — o khi esinc. — 1 hay sina — %
Viy a, = arcsin —
w4 “gh Vv

&) Theo (4) tacé : 1, = Tp_ (tmg v6i 0, = -g}
. . :

uR
hay R . ~—
ro o=t (tng v6i o = E-JJ-E)
TN 1+ 2 2
uR
ha . |
| 4 ' eV
Tai dinh C (Hinh 2.7G)
u? = vg + "J_z iy, B T
Bén truc lén :
q = l{r +r } - _.El.'.l.z_
o Vmax: ' ‘min ug B Vz

Hinh 2.7G
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26, a) (Hinh2.8G).

Lar =

Mat khéc tai Ctacod:
v.coso.r=Ru ma rcosa.=b

Ru

; Ru -
nénbzmﬁz
Ve gt N

“al)By +E +f=mi

~ Chiéu lén vecto &: | %
—-mg[ﬁ]- = m@i - 8% ()
. r _ : :
Chiéu 1én vecto &g : o
F, — f = m(§ + 2i6) (2
a.2) Bd qua ¥ trude 0”& (1) va bo qua 210 trude 18 & (2) ta duoc :
i R—E = 10’ . A
r . ; ' .
Fy —-f= mrd ; . ﬂ (4)
, 3 - . |
Tr(3)suyra: . 6 =/gRr 2 (3a)
F 5 .
' . 3 -'-*2-_ . " b
Dgoham (32):  6=- JgRr 2i 16i thay vao (4)
_ 3 j
Fy - f= —E\/ngr 2
2E, — f) >
Suy ra : f=——t—rr?
3.\fng ]

11.8D... COHOC 3A
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2F; - D 3 -

B el
)dt 3.JgmR

'2")9 dr 2(& -H%  d
2 3.\@{ g mg — pt

In rz
Fy - .’n(i - -—z,;.,}

21'@ T’ 3uyeR

F, =f+ 3“R(1 \/_-)J;=4.105~N'
: h{l— as J o ;

—t
mﬂ 0
2.7. Xem Hinh 2.9G, i
GM
al) g=
Ap- dung dinh luat BTNL :
_ GMm . mvﬁ __GMm
R 2 2a
e 2
= gn +gR:v_ﬂ:;_E+2=1Q_ﬂﬁ .
“ & .. 8 gR Hink 2.9G
= a= = 5240 km

X_ét .ﬁFAF', tach:
AF' AF R - :
- = = : | ( 3.)

sinA  siny siny

Mat khéc : AF + AF = 2a
— AF =2a - R = 4120 km
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Thay vao (a) ta duoc : -
120

sinA = siny

Mudn A, thi 7 = 90° hay AF L OF.
_ : it AD
i = 4120 [y, = 40,4
' COS Apay = 0,762

_ RcosApqy _ 6360.0,762 2423 km -

FF' = Réoslmx =2t =>¢

2
¢ 2423
= e=— = —
T 6360
e = 0,463
TaiAcé: = r=R=—2F —p=4120km.
' I —ecosh .

(DE time va Ay, ta con cb cdch gidi khdc nhusau : Tai Ataco :

R__ P _al-eh
1—ecosh 1--ecosh

- = (1 —ecosk)R = a(l — ﬁz_}

= cﬁsl :l 1 —i{l —_62)' :l[l - a} +ie
e R ‘ Y R R

Pé tim ban xa nhét thi A_,,, hay cosh,

Ap.dung bat déing thitc Co-si ta viét :

cosh = 2.\/[1 - —EJE-
R/R

Défu "=" x4y ra khi 1(1-- i] e B e
e R R a
ey E'-—-l:‘: 1-*[3:{],462
2 | . i

d | 4a

COSApgin = 2.\/(1 = E)E = 0,7619 = Ay, = 40,4°.
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2nR

360°

a.3) Theo tinh chét hinh hoc cla elip thi tiép
tuyén T*véi elip tai A 1a dudng phan gidc
ngoai cﬁahgéc OAF con ti€p tuyén T; véi bé
mat Trdi Dat tai A la phmmg ngang tai A
(Hinh 2.10G).

. R o
Tacé uﬂ—TIAT-fgo i

2% = 8964 km .

a.2) Spax = ABmax =

PR ﬂ . i
“hay oy = i 240’4 .= 24,8° . Hinh2.10G

ad) by =a+c~R=1303km. _ |
Ap dung dinh luat BTMMPBL : (R + h)Vpy, = Vﬂcc}smn.R:} Vmin = 3,27 km/s.
90“

b.1) AOB=60"=1=30°= o, = ~= 307

b.2) Vi mucn van t6c phong c6 gid tri (i i il b o e D K LOF.
Suyra: AF = —

AF+AF,'=R-’|-»—§~=23:¢&=%{-

mv;, ~ GMm _ GMm

Ap dung dinh luat BTCN : -
Thay a = %13- vao ta duoc :
’ o vg 22R :}v{}—-ﬁﬁ‘rﬁ km/s
| 2
28.al) g = GI:I G Y
R (R +2) R
2 ' .
=& Y oy=R|-E (1)
( z) R R+ z
1 + —
R
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1 "5 .1 R*

42) B =—-—mv® = ~—m 2
L 2 PR + 7 | %
" 43)Lo =R +2mv =mRJg®R +2) | 3)
. 3
; 32 - :
a.4JT=2#(R+z?=2#(R +.7) | ey 4)
v &R ' | .
2pn o I | .
=R +z= ng;‘
4

: I ~
hay z = [810R°_ » (véi T, = 86400 s)
_ Ar? - =

Ap dung bing s6 : v=6,5 km/s ; E=—-2133 MJ ; L0—63ID kgm!s
T=2h 34 ph; z=36000 km.

b.1) Vi phan h¢ thitc (l) !
, 3
dv = —:-E—JQR(R +7) 2dz

. : 3 :
-Mat khéc theo (4) : -%E = Jg’R(R + 2) 2. Thay vao, ta dugc :

dv = ﬂdzl
T
Sau méi vong van tdc bién thién mot luong 1a :

..

CAv=-LAz o 5
Ay=rg - ®
b.2) Tu 3 Mo = d:i‘t‘“-- ta viét :
| kmv? 4
(R + z)| - = d—'{{(R + z)mv]
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Vi d6 bién thién cia momen dﬁng lugng trong mot chu ki rdt nhé néntacd

 thé viét :
e E_ (R + z)my] = mvAz + m(R +z)Av _ _1_ mvAz
_dt . T 2 T
| kmv?) 1 mvAz
= (R + 2)| - -
( ){ Z J 2 T
. Thay T = L"M vao ta duoc :
K = —zAz - 6)
4n(R + z) s _

vi k > 0 nén khi Az < 0 thi theo (5) Av > 0. Ta suy ra ring vé tinh gidm do cao

VA ting van téc. Do thé ning giam nhiéu hon 14 dong néng tang, thanh thu

166

niang luong toan phdn vin giam.

2 2
b3) £ = kmv _ l{ng_
' z -~ (R+2)z
RZ
Ap=—f2nR +2) = —Enkmg——-
Thay k tir (6) vao ta dugc :
: _ . |
1 R |
Agie =~ A -
e ng(R +z} 3
Mit khdc vi phan hé thicc (2), ta viét :
2 .
1 R
dE = —m dz 7
2 g(R + z] 7

D0 bién thién nang lugng toan phén cya v tinh sau mot vong la :

2
aE=lmg = Az
2 R+z

So sénh ta thdy AE = A,




dE = * 1
C =fyv ="
) & o
dE dE dz
dt  dz dt . ;

Thay %E'- tir (7) va thay dz = —Cdt vao ta duoc :

sl
dt R+12z
| fﬁv“"'.] = ﬂnmgC[Rli ET
Thay v tix (1) vﬁt;,r, ta dugc :
' N R V2
fﬁR“”(-ﬁu%—z] = —mgC[R + z) _

Péng nhdt cdc s6 lay thira cta (R +2) ta duoc :

n+ 1

=2=n=3
2
Suyra: f = — mC{ valyc ma sét f = — mCz )
2gR " 28R
CHU PE 3

3.1 Cach gidi f

Do hé ¢6 tinh chat d6i xing nén ta chi cﬁn xét mot thang (Hinh 3.1G). Chon
chiéu duong nhu hinh vé thi ©® = — &, y = —d.

erm—

¥, = Vg + @A BA
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~ Chi€u lén truc y ta duoc : - ' YA
va =0 — wlcosa ‘
. ay = —ylcosa. — olsino(-m)

Liic m6i cat day o = 0, o = 60°, suy ra :

Bp =—— - 1
@ 42 s B
Goi K 12 tam qug}' titc thdi, theo dinh luat BTCN ta viét : 5
E = %Isz + ﬁlg%sin_a = const ' Hinh3.1G
B 11 .. I .
— = —.—m{" 207 + mg—cosa(-m) =0
de- .23 o gz _( )
_ 3gcosa
21

Lic méi cit day : o = 60°. Thay vao ta duoc ; -

3g |
' ‘41 - : : (2)
-3g
Thay (2Z) vao (1) tadugc : a, = =
Cdch gidi 2 : :
Lic méi cit day thi o = 0, ta 4p dung cong thitc dudi dang dai s6 :
2 Mg = Igy
'ngicos 60° = lmgi
Laaaiee-
3g. '
= Y 5= e
Y 4]

a, = ~1KA = L%Eénsﬁﬂﬂ

3
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3.2. Cdch gidgi I (Hmh 3.2G) : | y4
a) XMy = Ixy (dai s6) | o N

n ! _i j2
ggcusu-gm ¥

i

i

i

!

[

!

Yo -
I

I

i

" 3gcosc
i ' . I 5
2 (.} e "

QR =&

b o o
t

:w:_'f

. 3&05&. 5 s
T;;n:ﬂ,a=u@::-~,r=g—-«ﬂ~ £ O B

- 21

P
(]

- Hinh 3.2G
3gcosa :

‘2

b)a, = -KAy =

. : 3 ;i

Tait=0,0=0g = 2y =__uu%&ﬂ

- G chuyén dong tron quanh O, tacé :
dg =8, + 4,

o

= ag, = ?ésinm_- ® Ecasd‘ =0

© wsinao
.$m2=1’

COsSCL
3gl sin o
2

"Ap dung dinh luat BTCN :

Thay (1) vao: @ = 2)

1 9 Es: g :
=l = me—(sino, — sinc
> K 32_( 0 )

=0 = 3Tg(sinu,@ - sina)

Thay (2}_1»*21{} ta duoc ; sina = %—sin Oy



Cdch giai 2 :

a) Ap dung dinh luat BTCN :
é .{an = STg{sinu.ﬂ — sino) - ' - f[l)
Dao ham theo thdi gian :
ﬁm‘y =.-3ng¢03 Cc'{—m)
= ¥y = —CoSQ - E 2)
¥ = o i s | (2)
—_— : 3g o | :
: T@it=0,ﬂ,=uﬂ=>1r:§cns_an 3)
b) x ‘-icc}sct' W= —isincui::
G 2 1 G 2 E
. [ .2 . .. ' :
Xg = ~ -zn(ccts .0 + sinoud) (4)

0, . ! :
= —sina ; = —COS 0.
Yo 5 Y6 aa e
- : ) .9 ol ,
Vg = E(m sinoL.G” + cos E..E‘L) : (5)
Lict=0, o =y, & = 0, cong thiic (5) trd thanh :

. [
Vo = Ecns oty (=y)

Thay (2) vﬁu; ta dugc :

. 3¢ .2
= ——=cos" o
Yo 4 g

' 3g cos’ o

YA=2¥6 = Ya = 2o = - B
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{'.} N =.miG 3‘0.:'3' iG = ()

2

T (4) = coso.a” + sino.dct = 0

, cﬁsa.g)z + sina(—y) =0
Thay o va y tir (1) va (2) vao ta duge :
éf—sinmcnsu - :%gcosa(éin oy — sina) =0

inu B
= e = oeinng

3 3 (Xem Hinh 3.3G).

Chon chiéu duong cho chuyén dong cta .
thanh nhur hinh v&. Cic luc tidc dung lén
thanh déu c¢6 phuong thing dimg. Do dé_

vectd. ¥ ludn cé phuong thang dimg.

i i / .
= —8inda ; = —C0Os .0
Yo 5 Yo SR

Vg =d4g = %[d(-—siq Q.0L) + coso.il)
Thay & = - ®, & = -y vio, ta dugc :
S , 2 . .
ag = —E(sm . + cosa.y)
! ) mi , . 2
N —mg = mag = —-?{_sm o.@” + coso.y)

Pinh luat BTCN : %Isz; %mgfﬂ - sina)

' L g2 2
A o, U0 0 | a e e
2|12 4 T2

2 Mg = Igy (dai 50)
[

N-—-cosa = j—miz'y
2 12

Hinh 3.3G

(M

(2)

3)
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Rat o tir (2) va'y tir (3) £6i thay vao (1) ta duge

‘mg[l + 301 - sin)?]

{1+ 3cos? a)z

3.4, Cdch gidi T : - L8

N =

Chon chiéu duong cta chuyén dong quay clia moi thanh 12 chiéu goc 6 giam.
Khi dy o = ~6 va Y= - 0. Ta phan tich luc ma moi thanh tdc dung lén thanh
kia tai diu A 1am hai thanh phédn vuéng géc nhu Hinh 3.4G (avab).

b)

Hinh 3 4G

Xét xu hudng chuyén dong ctia ddu A v ddu B sau khi tha tay mot chut ta xac
dinh duoc tam quay tifc thdi K nhu Hinh 3.4Gb. :

Xét thanh trdi (Hinh 3.4Ga) :

3 Mo = I} = fng%.g +FL = %mLz(—E) .'
:mg£+F, T | - (1)
| 4 3
Xét thanh phai (Hinh 3.4Gb) : |
> Mk = Igy = mg-I:-ii*; RL = imﬁ(—é)-
272 3
:}m‘gg'—ﬂ ='—§mLé M F=F) 2) -
| | . 32 g
.Ta(Dva@)suyra: 0= —-——= 3
(1) va (2) suy T L _ 3y
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- B, = = —ml2(-6)

L2 _pL_1
272 2 127

>Mg =157 = N

A

B T U

2
N

LF =mig = - )= = mig (i0=45)

Xg = §-I-‘~c039 y Rg = —%sineé  Xg = w%’-ﬂ({:.c-s 0.6 + sin 0.6)

3L V2 .

Tait=0,0=45;8'=0. iG-=n—— 25
| | 22

‘Thay Xg vén, ta dirge :
T 3mL6O
E,-F=—-——— : (5)
| S a .
T (2) va(4) tasuyra:

E,-F = N£+—l-ml_.é - ﬁlgﬁ} imLé —3—m—L-E}
| L2 6 T4 .3 2

Cdch gidi 2 (Hinh 3.5G) :
| N B S Y
Xg, = Ems, ARG = —-2—5111 ,

Yo, = %sinﬁ; Yo, = %cosﬁ.{;}

178



Xg, 2%5:;038 Xg, = —%smﬂﬂ

Xg, = E%‘(ms 6.6° + sin 0.6)

[ [ s
= -8in0; V-~ =—co0s6.0
Y, 5 Ya, 2°

Hinh 3.5G

Yo, = %{—sirre.e? + cos0.8)
Dinh luat BTCN :

[ .2 .2 .ll.g_.g:'l -Hg_ f-_'o_ g
Em(xqt +¥g,) + Erﬂ(:ic@.2 + ¥a,) + ?EIGE? = ng(sm«:lS — sin 9).:

' g—zmsinGJ
o f i

.-"I .
‘I — + sin® ﬂ} '_
| 3 |
Dao ham hai v& theo thoi gian ta dugc : |
6 =- - S ; [m%casﬁ — 3sin®0cosO + ZSinﬁmsB%}
23.[1 + sin? 9}
3
Tai = 45° - 3—‘55
10 !
iiGZ = - %{(ms 0.6% + sin 0.0) = Q—E:jg
Vg, = %( mBIEJ2 + cosﬂﬁ} = -—iag

Ap dung dinh luat II Niu-ton cho thanh bén phai :

X 5 9
F = mXg, = a—dmg

myg, = N —mg - F2::> N'=myg, +mg + E,
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4y thanh AB quay quanh béan 1€ A (Hinh

’ Ap dung phuong trinh dong luc hoc cho thanh bén trdi. Chon chiéu duong cho

chuyén déng quay 1a chiéu 0 giam. Khi ay ";r =—0.

;13: 1?(-) = ~ ELsin45° — L cos45° + mg%cns 45°
Yy ¢ -'F1-='F1',F2=E2r vﬁ@-%g tasuyra
F, =——m
LA
N = my .+m +F —.—-im +m -—-:?—m
‘_-"{GE. ET __ZOE gzgg
7
N=-—m
TR
" Cdch gidi 3 : |
Theo cdch giai trén ta dugc : _
é:_ﬁ_%é
10 !

Chon HQC chuyén dong véi gia toc cua
bin 1€ A tai thoi diém bat dau tha tay. Khi

3.6G). Tai thoi diém nay gia t6c cla A

trong chuyén déng quay quanh O chi ¢
thanh phén ti€p tuyén a, hudng doc theo

thanh AB. Luc qudn tinh Fq = —mi, dat

Hinh 3.6G

tai kh6i tam G, c6 momen déi v6i A bing 0. Chcm chiéu duong chcr chuyén
dong quay ctia thanh AB la chiéu giam cla géc 8. Ta ¢ -

Nlcos8, — mgécnsﬁ = I,(-0)

'J NI mgl m 3\/_ g

B Wz 301

mg

i{]



3.5. (Xem Hinh 3.7G).
Chon tam quay tic thoi K dé tinh momen.

Momen dﬁng luong ctia con ché (coi la
chat diém nam tai C) 1a: |

Ll”KCf\IﬂVl——(KH?HC}Amlvl

:>L1 R(1 + casm}mm . | _ Hinh 3.7G -
vi vecto OC = corist nén trong HQC ding yén;'ché cd vin tﬁ’c. vy = . Suy ra:
L= R(1l +cusa:x,}m1v m]R (l + cnsm}m
Momen dﬁng lugng cua hmh tru .
| L3.=LD+KOA_HI1‘? :
= Li = mR*o + Rmv = 2mR’
Momen déng luong cha he ;'hinh tru + ché" 1a :
Lﬁ = Rzm{zrﬁ .+ my(1 .+ cosa)]
Momen lyc : » Mk = R"E A myg + KO A mg
Suy ra : 2 Mg = (m + my)gRsina

Ap dung cong thiic : > Mg = i%‘—t-i{—* ta dugc :

(m + mj)gsina *~
R[2m + m (1 + cosa)]

=

3.6. a) Chon chiéu duong cho chUyén dong tinh

tién va chuyén dong quay cla ta (if)i nhu
Hinh 3.8G ' Gt
(Hin )- | >{+; (+)
Goi G 1a khdi tam cta ta doi, ta c6 :
. m
GA =115 = +mP? ‘@B
3 3 : " Hinh3.8G
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' Dinh luat BTPL : myvy = myv + %U'G %Y e ' 1)

. ' I, 1 5 1(3m)s 1. o
Dnh-iual;BTCN:— Ve = —myV° + —| —|v& + =E-@ 2
1 ‘ . 2“‘1{1 _21_ .2(2].[3 2(;- _-(}

~ Dinh 111&{‘, BTMMEEJL

e Néu chon dlé”m cd dinh O trung véi kh61 t&m G clia ta dm tmﬁc va cham thi
dinh luat BTMMDL dugc viét thanh :

. [ N T T iz

mvp—=mv—+ —ml‘® : : .. A

B CT e T ()
‘o Né&u chon diém c6 dinh O tring v6i.diém va ¢ham (tifc 1a triing v6i vi trf ciia
qué cdu A trude va cha:m) thz dinh luat BTMMDL duge vi€t thanh:

[{3m B
O=Iw—-={—|V . - (3b)
3(2]? -
Giai hé phuong trinh ta dugc :
- (my — m)v , .“’G __ A4myvg '. - 2myvy, ;
m +m_ 3(m + m) I(m; + m) .

b) Chon HQC gan v6i khéi tam G cla ta doi. Trong HQC n&y, sau va cham ta
d6i quay quanh G ding yén véi van téc géc ®, con qua cdu my ¢6 van toc

trong d6i V' = v —vg = — (3@ = _mi,)“ﬂ

phia nguge lai (Hinh 3.9G).
- Diéu kién d€ va cham l4n nita Ia :

W3 . 2=

‘VF.\tz'Té—VEt=-— *i 6

D . . a_lﬁt“ﬁ“‘\

Thay |v'| va @ vao ta duge : L 0,22

<0, ticla chuyén dong thang déu vé

my
37 Xem Hinh 3.10G. | Hinh 3.9G
g, = gsina |
gy = geosa

Vy = V=V + gsino.t
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Khoang thdi gian gifta hai 14n va cham la :

L ¥y 2v
g gy gCOS

Gita hai 1an va cham lién tiép v, tang
thém mot lugng 1a :

Hink 3.106

Av, = gsind. = 2vtan o’

gcoso
Xét va cham thiri : 5 |
" Goi thanh phdn van t6c cla qua bong theo phuong X v van téc gbc cha qua
"béng trudc va cham la vy} m} : sau va cham la v; ; ;. '
Ap dung dinh If bién thién dong lugng :
—Fpst = m{v; — V'i}

Ap dung dinh 1f bién thién momen dong lugng :

2 - . '
F_RAt = ngz(mi' - ;)

Suyra: v, —v; = -S-R(cﬂi — ;) _ ()
Ap dung dinh luat BTNL :
?lzmvf + %.%ngmf = lmﬂur'i2 + %.ng?‘m'f'
g . 2, :
vi- v =2 - o) @
K&t hop véi (1) ta duge :

v +V, = R(w; + @}
Tir (1) va (2) ta duoc :

3 7 o
Vi = ‘ER@E + ‘l"'aRmI
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Thay vao (1) ta dugc :

10v, 3 . 3
iy = et ;b 43
} 7 R 7 l . ( }
3 4 :
V; = :}‘\-’i -+ T?'mlR : : (4)

© Can cit vao (3) va (4) ta xét mot s6 va cham :

trude : vy = 2v tana o, =0
* Vacham [ 4 6vtana 20v tan.o
‘| sau L : by e
- 7 Tl TR
e 0 20v tan o sl 20vtana
' 7 T = 0y = — :
oVacham®{. = h.. - T, . - 7R
: . 20vtana 20vtan o
Bl VY B il e
! : 7 7R
.+ 34vtana 2[}‘;r tan o
trudc : V4 = ——— ; 3 i
e Vacham 3 + 7 . :
- 26 40v tan o,
sau vy = —viana ; @03 = ———
S 7 7R
40 40v tan ¢
Twong tu ta dugc : vy = -T—vtan.u, s Wy = %

Khai quét két qua tim dugc :

" Khinlé:v, = 10“;?' 4mn'a

Khi n chin : ﬁn = l.%vtanu.

Chii ¥ : Ta c6 thé thay dinh luat BICN béng cong thic khdc. Cu thé 13, do
di€m ti€p xtic K khi va cham khong dich chuyén nén van t6c clia di€ém ti€p
xie trude va cham bing va nguge chiu véi van tdc clia n6 sau va cham.

Vyi &= Vyi .

. — ®R = = (v ~ ®R)

(Xem bai tap 1.29 Co hoc 2)

T ¥y = —Vg =
VK
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fa

3.8.Cdch gidi 1 (Ap dung dinh li bién thién momen dong lugng cho moi vong khi
va cham). S

Chon chiéu dwong cho méi vong 14 chiéy chuyén dong lic ddu (Hinh 3.11G).

o,

g Fe oo b)
o o, Hinh3.11G
Ap dung dinh If bién tﬁién’déng lwgng cho méi vﬁﬁg 3
~-RAt =mvy, | (1)

. BAt = mvy, - o (@)

Chon diém c6 dinh tring v6i thm clia mbi vong lic va'chgni'dé tinh momen
dong luong. :

- FRAt = mR* (o] — o) 3)
'~ BRAt = mR% (e} ) @
Goi A, 3;5. A, 12 hai diém- chia hai vong khi tiép xic. | |
Vy, =V + 0 A QA
Va, =V2 + 03 AOyA,
N‘g.ay sau va cham #'A, =“v"hz

r——— o ———

]

ChigulenOy: vy, + ®R = vy, — @R (5)
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Tir (1) va (3) suyra: viy, = R(@; — )

Tir(2)va(4) suyra: vhy = —R(®) - mz};

' _(ﬂl‘i“fﬂg

Thé vio (5) ta duge: &+ 0y'= - (6)
So sénh (3) v6i (4) ta dugc : i

O] — 0O = W i g

oy =ep-wy (D)

Cu6i ciing két hop (6) vé6i (7) ta duoc :

30y — @y 3, -
L 2 . ro_ 1
Wy "“““‘“‘*‘“‘““"4 —= fﬂg.———q’

Cdch gidi 2 (Ap dung dinh luat bao toan dong lu{mg Vi momen dﬂng hrong
chohe). =~

Dinh lust BTDL : OX : V), + Vy, = V| = V, € | (1)
Oy : vy, + Vyy =0 Sy mY 2)

Dmh luat BTMMDL (Chon diém cd dinh A trung véi dlém ti€p xic cha hal
vung dé tmh mc}men) -

"Di"alz-_ | LAI #Lo] + AO; Ava
. . = Ly, —mRzml -.
--"Lﬁgl_ = ED],+"5QI A MV,
= Ly, = nlﬁzm'l - Rmvy, (vj, <0) .
bia2: EAZ =E(}z + AO» A MVy
=Ly, = gnRz_mz
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I'.::% = IT.{:-2 + mz A nﬁ'z
= I_sﬂﬁl' = mR%w, +'Rm1_ur12},' |
mRY (o, + @) = mR*(@] + 6)) + mR(Vy, — Vj,)

= R(o; + o) = R(@) + o)) + vy, — vy, » S )

‘Tai thdi diém cudi cling cha vacham : ¥, =,

3.9.

Gia toc cuia xe trong HQC ding yén :

- -F+F
Ox rapy = i (1)
~ 6m
- Xét trong HQC gén v6i xe.

:vh#mER:v'gy*m'zR'__ '_ : - RO
Gii hé phuong trinh trén ta duoc : |

30, - C 3@, - @
o=y 2 |

4 4

'(Xem Hinh 3.12G).

Chon céc chiéu dm:mg cho chuyén
dong nhu hinh v&.

Do géc ¢ khong déi nén ta c6 :

ry, = 2‘.'""? Hinh 3.12G
o= Dy, =
_mn Yo = 2%
a=2yr

Phuong trinh cia chuyén dong quay d6i v6i khoi tam Oy va O,

' 2 5 2
Frg{slr = 5 mr .?’}’ = pru =S ma
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- 2
{Fmsg - F ms, 2r = g (3:‘1’1}41‘2?’

= Fm52 = l:—ma'

- Xét chuyén dong tinh tién clia ca hé hai qua clu :

. - £
9ma = By + By~ _sz = 9may — ?ma
=y =

. MU
Xét riéng qua cau Oy.

Oy: N, sin¢ + Fpg, COSQ = mg

Ox : =N cos  + s, Sin@ + F; =ma

; 2
CIN;sing - Ema COS @ =.mg

= 4 |
N;coso —'—mﬁsimp -~ ma
= i 5
g Sgr.:ﬂ?{p <o B = Mgy Ry 30mgt.:£}3{p
~ 2(1 + sing) ' ; 1 + sing
(- L 20+ sin @)
a Sgcosp

Chii  : Trong HQC gén v6i xe, vi A, = i, ,nén ta c6 thé &p dung cdc cong
thic © Y Mk = I¥, cho qué cdu to va 'ZMKl = Ig ¥, cho qué cdu nho

(bao gdm c& momen clia Iuc qudn tinh).
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CHU PE 4

;'!I".\_

4.1. Xem H‘lnh4 1G

Cho thang dich chuyén ao v€ goc la 56. Dléu ;

" kién dé thang can bﬁng la : _ _
_ESA_:rnPﬁy'—FS:{:G o it o ()

- x=IsinB => 6x = lcosO30 . - ®).
yﬁéc_ﬂsﬁib$y="—é-sin959 S ()]

Thay (b) va (c) vao (a) ta duoc :

(P%sin 0 — Flcos E!J 80 =0

= F = %Ptanﬂ

4.2. Xem Hinh 4.2G
Gié sir ta thuc hién mot sy dich chuyén do
vé géc 6 mot luong 860. Khi 4y diém dit clia
cdc trong luc dich chuyén do mét luong la

dy; = B(acosB) va 8y, = 8(3acosb), cbn__-'

~ diém dat cua luc F dich chuyén do mot
luong 12 8(asin®). Didu kién dé€ hé dimg
yén la :

Y8A =0

— 2Fac0s060 — 2P.asin050 — 2P.3asin050 =0

= F =4Ptan6
V6i 0 =45thi F =4P.
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4.3. Xem Hinh 4.3G

Cho dinh A ctia thang dich chuyén 40 mot
doan dy = 8(lcosb). '

8A, = P38y = —PlsinB56
Piém dat cha luc F dich chuyén do mot

Sobn Bk = 5[%15111 e} - %—cns 050

SAp = ZF%@SB.SB_ PP

3 : : : AF] "Hinh 4. 3G
¥8A=0 = —Plsin080 + ué'-—ccsBBB: 0.
= F = Etanﬁ
: 4
4.4. Cho xich dich c:hu_yén 40 mot doan 8b.
| - %b = 8= R sb

E*Zﬂr:‘bﬁ!—Znﬁr—%Sb '

Y8A = 8Ap + A =0

TR L T
h 2nR
4.5. Xem Hinh 4.4(}
a) Truong hop khong ma sét :

Xét mot su dich chuyéﬁ do vE goc.
Vi day khong dén nén da, = -8,

>8A =0 = mygsina, I8 + mygsinan /oo, =0

= gldo,,(msino — mysina,) = 0

Hinh 4 4G

= l‘nl_SlﬂD‘.; = ?_‘IIESIII{LE.
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b) Trudng hop cé ma sét
28A = (m;gsinat; — mygsina,y)iday — (umgeosal + pm,g cosay)ldo =0

= mlféiﬁm ~ pcosay) = M, ($in0L, + HCOSOL)

L

. 4.6.XemHinh4.5G < :
Céch I : Ding phuong phdp cong 4o _ ;
Xét mot su dich chuyén do vé gée 30, va §0,. 9 !
T 9 _ |
)’C —. ECDS | mg E
gy - 1 :
yp = [cosB; + -,;cusﬂz | AR
' - y
By = — I5in 8,56, — ~-sin 0,58 '
Ip =R g R Hinh 4.5G

Xg = IsinB; + [sinB,
Sxg = lc0s0,50, + Icos6,00,

280A = mgdy, + mgdyg + Foxg =0

= 56, [Fcé;se, - %mgsiﬁelj + 88, (Fcc}sﬂz - %gnsin(-}g) =0

Vi 80, va 80, doc 1ap v6i nhau nén ta ¢ :

3 - 2F
Fcos®, — —mgsin® =0 tanb = —
2= 3mg
lie ' 5 OF
Fcosf, — —2sinf, =0  tanh, = —
X 2 v mg

Cdch 2 : Dung phuong phép nang lugng
Chon méc thé nang trong truong tai dudng nim ngang Ox
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Ep = -%mgiensﬁ; - mg[fcuaﬁ, + %cns&l)

3 1
= - Emgfcus 0, - a—mgfcc}sﬁz

Vi lue F c6 tinh cht glfmg nhu trong lm: nén né cung duoc suy ra tir th€ nang
Eg. Chon méc thé nang nay tai duding thing ding Oy :

EF__= ~F(Isin; + IsinH,)
Thé ning hiéu dung cta h¢ la : '

E; = [—% mg/cosB; — Ff-sinﬂ]] + [—Ezmgims 0, — Flsin 82]

E, la mot ham chia hai toa do téng qudt 1a 6; va 6,. Diéu kién can bing ciia hé 12

dE ;
—ﬁ =0 va wé 0 (xem cong thifc (3))
o .
aB) 0 = Emgfsinl‘&)1 ~ Flcos®; =0
dd, 2 |
3mg
dE(©,) 1 i o
22220 -0 = —mglsin®, —Flcosf, =0_9 X
. 1
= tanf, = EE 0,
e Y
Cdch 3 : Ding phuong phap dong luc hoc .| mg\ R
¢ A | ¥
Goi R 1a luc tuong tdc gilta hai thanh tai 5 Ry,
kh6p ndi (Hinh 4.6G). Thanh 1 chiu hai lyc oo

thanh phdn (Ryy, Ryy), con thanh 2 chiu hai D
lyc thanh phén (Ry,, Ryy) | mg
eXétthanh1: XMg=0 j B
y F
.’!I \ .
— — meg—sin®, + Ry [cos®, — R, IsinB; =0 (a
BRI T P 1= Ry iy STEAW) Hinh 4.6G
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e Xét thanh 2 :
. YF, =0=>F=R,, _ S (b)
| EF = 0= mg =Ry, | | . ©
2F |

Thay (b) va (c) VAO {a) ta dm}c tan 9, =
: Smg

ZMA. =0 = FICD_SIBE - mg%sin 6, =0

2F
= tan 0, = —
mg
4.7, Xem Hinh 4.7G = ;
. Trong HQC quay thanh chiu céc Iuc :
- trong luc P
~luc li tam F

~ Céc luc lién két N, Nj

Trude hét ta tim do 16n va diém dat
cua lucli tim F

e Do I6n F: 2 y¥
: , ' ; Hinh 4.7G
dF = pdie’x. Thay dI = —— vao:
sin o
2 2%y - DD
dF = l:.‘_,ﬂJ xdx = F = E’?m :r}«u:l:-c=pm+}:‘”i
sinc. sine. 5 2sin o
e Diém dat Q : Xét momen clia luc F d6i v6i diém A -
pw? xAyQ
M — (a) -
B ™ 23111(1 @)
D> My = Ipm “xdxy . Thay y = 22 % vao ta duoc :
SiInag, ' tan o
XA 2.5
| pm X
M= X(Xy ~ X)X = ———h b
Z dF Sm{x,tana. (J}‘ (XA ) 6 sin o, tan o - ®)
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‘ bat (a) = (b) ta dugc:

2
¥ g BB O

Bay gid ta tim VTCB béng phuong phdp cong do.
Cho ddu A dich chuyén trén truc x mot doan 8x thi ddu B dich chuyén trén
truc y mot doan 3yp, B L] |

Tu Ki + }’% = .!':}KASKA+3!B§}'B=U . e (C)

Z'SA OIPP;E;YB'!'F SKAZ_

' B
%ESYB + Pm xﬁ. XA

cpif
. 3sino ey

Thay Syg = — XA a—xf‘—. tir (c) vao, ta dirgc
- YB . :

_ mg Xa0%, ,+,pmzxi8x}.; _'0
2 }"'B 3sino

g mzxA Hmz

23:3_ 3lsina 3l

:?.:‘;"B :""?");F"g"'ﬁ msa =
. 2wt 20°

Chii y : C6 thé xdc dinh VTCB béng hé phuong trinh :
| Zﬁ =0 vaXM=0. |

. Xem Hinh 4.8G o

" a) Xét sy cAn bang clia mot doan day

c6 hoanh do tir O dén x nhu Hinh 4.8G

Oy : T(x)sino, —0x =0 _(a)

Ox : T(x)cosa — Ty =0~ (b}

wx dy

Tﬂ fl}(. Tﬂ

= tano =

@
= y=—x" + Vq ( arabc:l} ,
~ 2T, : :p Hinh 4.8G

o
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b) Tl (a} va {b) taco !

Tz(x)sm o= mzxz

T?(x)cos® o = T§

e 22 5
VR T

4,9, Xét su can bang cla nira day bén phéi. Nia -

day nay gém hai doan : doan 1 khong ti€p xtic
véi mat phing nghiéng c6 trong lugng la
mg !

va dozm 2 ndm trén mat phing nghiéng

co trong Iuong 15 L;-E{L ~ ). Diéu kién can -

bing cia doan 1 (Hinh 4.9G) 1a : Hinh 4.9G
Oy : Tsina —%.’iz 0
L 2
- 3 W mgi (a)
2L sin a .

Diéu kién can bang ca doan 2 (Hinh 4.10G) 1a :
Oy': N - _ZT-(L ~ Dcosa = 0

OX': Erpgiany = T — %%—(L — Dsino =0

Thay fpgmax) = KN =N va T tir (a) vao taduge : - - Hink 4.10G

. . r 2 .
[ cosasing — sin” o : ; ;
= : . Dt y = cosasina — smza, ta dugc :

L " 1+ (cosasina — sin” o)

1

L3
= l+~1—
Y
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('{) khi ¥pax hay :_}" =0 o
1) max O '

= tana = | hay o = 22,5°

=> Iy = 0,172 L.

- 4.10. XemH‘inhﬂrllG

‘a) Xét su c&n bang clla mot phﬁn ti cha da}r nam gli'm céc goc oL va oL + &{1 :
Ox:f +(T+ &T) cos(ﬁ—;—)"— Tcus(ég—) =0 |
Oy: N - (T + &T}s&n[&;] Ts n[‘?] 0

" Trong phép gﬁﬁ ﬁiﬁng- cdp 1 céc _ | -NF |
phucmg trinh trén tro thanh : fins

| T * X
i+ (T4 AT) = T= 0= £, = -AT / TS
T J \ | 7l ) s
N - T——T@‘_—U:}N - TAa A S
2 2 L
z: sn;max} = uN ﬂén;’i 5'-.13" l'EI.- o t".,{???f’" ; ;
B = —hada bay = —pda 7

" Hinh 4.11G
Cui cing ta duge : F, = Fge!'"
b) pog =10 ; pey = Mm100=2m10 =2payg

: 2
Suyra o, =20y = —?}E
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CHU PE 5
5.1.(Xem Hinh 5.1G) |
Cdch gisii I.
V{} = ﬁ .
= 0K la truc quay tm: thoi cua qua
vk =0 ,
cdu. Goi @ Iﬁ_ van tﬁc gée t:mpg chuyén dong
quay ndy, né nadm trén truc quay tic thdi KO.
B Goi & 1 van tc 'gﬁ_c cha HQC quay clng
v6i trgc OA quanh truc thing ding qua O.

Goi @, 12 van tSe goc ciia HQC quay cung .

véi qua ciu quanh truc OA. -
| Ap dl_lng cﬁng thitc c@ng van toc 'g'c':-l": :
=, + & (Hinh52G)
.Su_yra:mzf=m§“.+m?- o | '1(1)
Vi qua ciu lan khong trugt trén mat Phﬁng, tach:

4 -

Mat khic v, = o;R = ©; = % _

Thay (3), (3) vao (1) ta duge : :

Véi d =reosa = r oC R

2 2
“oooa my 2r
Cuéi cing ta duge Ey = ____[7 T _ﬁ_]
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G =0 Ot = A
VK;Dﬁvc“mzflr—G:-‘*mzf_lm?

Hinh 5.1G |

Hinh 5.2G

@
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k)

Cdch gidi 2. Chon "HQC vat" Ox'y'z nhu & Hinh 5.1G. @) = ~ ; @, = %
; s .o .

1. 2 9 1{2 gvz 2 9 5 v
Ey = =0y +1,05 +0)=—|—mr*—+|~—mr- + mR" |—
g o Sty $a ) 7{5 e Rl

2
: -.2 5 2
.. -, e L% ?+2i.
. 10 { . R?

r
5.2, (Xem Hinh 5.3G)

st

— ils | L iy o
Mo = OG A mg = ~0G— A mg -
Mo =S =8aL
—DG.-E-"-.A m;i:ﬁni
L-""
%‘mghf':ﬁ-ﬂl: | _ B, | Hinh 5 3G
Suyra-:ﬁzo— g

- Ta thdy Qy §, tic 1a truc tién déng trling véi truc d& va chiéu cla vecto Q
hucmg xudng, nguoc chiéu cua ®.

5.3.a) Ap dung dinh 1i bién thién momen ﬁﬁng llrcmg trong su gdn ding cha con
quay, ta viét

20 _BG Amg~0 Lo
dt _
Suy ra : Q--T-g—{véi!=(}(} h+£vé-LGn%mRzm. Thay vao, ta dugc :
Lo 8 5
ot
) = '2,
“R%*»
5

b) & = 0,5 rad/s = T = 13 (s)
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5.4. Xét chuyén dong clia cnn-quaj; thit i (Hinh 5.4G).

. e
Céc luc tdc dung vao con quay la: | \
" 1 A
*‘*FA = (i~ 1)mg F_EM
: Fr"n.
FB 1mg B i

EMG = [, ﬂsmcr, 5 | Hinh 5.4G
(2i - l}mgé—sina = ImiQéin o

I}mgi

| Suy ra Q= 1 nhu nhau d6i vf;'n céc con quay.

ZIﬂ}i

P6i véi con quay trén cling ta 6 :

mgl-  (2i — 1)mgl
2lw 21w,

) =

Curé'l cling ta duoe o; = 2i = Do,

5.5.a) Chuyén déng clia con quay 1 chuyén dﬁng tong hop cua ba chuyén dong
thanh phéan chi yé’u

+ chuyén dﬁng quay quanh truc dai xu‘ng (truc. spxn) vGi van tde goc @

+ chuyén dong tién dong cham quanh truc thang ditng véi vén téc g&c Q gay
ra béi trong lyc. -

"+ chuyén d6ng cla truc d&i xing tiEn dén truc thing dimg gy ra bdi momen
cua lyc ma sat.

b) Dung hai HQC : HQC ¢6 dinh Oxyz va HQC Ox‘y‘z‘ quay vé‘; van téc géc
o cung vai vat (HQC vat)

CRERR
(0) ; (0)

vi @ thay d6i chﬁm nén gk ~{. TacH: = =0 AL
dt dt
- /(0% (0)
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trong d6 L = L;w€, (I3 la momen quén tinh ¢ha con quay déi véi truc Z,

[%tl:] sLode, =nafiag, O
 Mat khéc [_‘L—ﬂ - =0CAMg ' o 2)
/(o) : i '
T (1) va(2)suyra: - &7
g I;mnsin{-}_: -ln!MgsinE} hay'f-l - Mfg = 4
PR o 2o r*o

¢) Khi truc d6i xing 1am mot géc 0 véi phuong thing ding thi luc ma sét F, tai
diém tiep xiic v6i dat x4p xi bing pMg. Thue ra chi ¢6 canh tréi cha ddy thanh 1a |
ti€p xc véi dat. Luc ma sit ngugc v6i van to¢ trugt va ¢6 hudng nhu Hinh 5.16.

Momen ciia lyc nay déi v6i C lam giam géc 0, tic 1a am cho truc déi xitng tr&y
nén song song vdi truc tién dong, tic 1a tré nén c6 phuong thang dimg.

“dLz 1 .
a g hMey
de. 1
[,o0— = ——uMgl!
. g
t 0.2 2
t= [do =~ [~=do = Ye,

5.6.a) Chon "HQC vat" c6 gbc tai khéi tam O, truc &Y &
Ox'// canh b, tryc Oy' // canh a (Hinh 5.5G). b B B
.' ; 1 2 o
L =1 = —ma | . i

~5 0L
I, = I, = —mb? | Hinh 5.5G
y 2 12 . nn 2,
2" = 13 = "Lm(ﬂz + bz}
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tﬂ'l =@y =0y =

Céc phuong irin_h O-le :
M; = Loy + (I~ L)oyo; = 0
M =By 4 0y = 1) =0

m(b? — a2)abo?

M, = L + (I, = I)o0; = >0
3 = 1303 7 U = W% 122 + b%) _
Vecto M3 huéng theo tryc chinh OZ'. '
b) L= (Lo)E,: + (Imy)é, +0 | P AL [
L. =L -n'-i_[..ﬂ..gi.lz_m ' . Ei‘__ ;_]3{1 e
LT AT ‘ Hirih 5.6G
foaliy o G |
S 12 32 i bi
A B ]
tEI'lB = -I_,_ = — it b )
L% 1 B=90°~a#c. (Hinh 5.60)
tana = % = cotanf} | |
I - ) - . . l b E
L=yl2 +13 = -i'-l-imabm T g
c) Néua=>b (Hinh 5.7G) . : - ‘0 G i
M;=M,=M;=0 - |
tanp=tana=1=0=p=45"=L// & Hinh 5.7G
L= lmazm
12

Suy ra, hai dudng chéo cua hinh vuéng ciing 13 hai truc chinh.
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1. 5 1 I° malb?
¢c) E =—-Im +—l,m5 = O
_d) Néu la hinh vudng, tic a = b: _ '

M =M, =M;=0

wmﬁ=mmﬁapja_ﬁ_4s
ﬂfffﬁ}ﬁL—Lpﬁ _ _
1 mff B o e e HRSEG
L = W = - o T A S T T
12 2a% 12 . _ .
Suy ra hai dudig chéo clia hinh vung cling 12 hai truc chinh (Hinh 5.8G) -
2 . : L 2 3
. ma

4= —

48 -
5. 7 + Khéi tam clia vat ndm tai trung dlém-
. cua duﬁng cao. Chon "HQC vat" c6 g6c
toa do tai khéi tam (O = G), mat phing :
chita ba khéi luong 1a mat phing (x', y')
(Hinh 5.9G) i s

Vi trf chia ba khéi lugng
' A(-22,-2,0)
B(2a, —a, 0) - | Hinh 5 9G
(0, 2,0) y P

dLG ﬁ = OB AF

dt
(L — 0) = OB A F.At
= L, =aF.At=aP |
L, = 2aFAt = 2aP
Ly=0
+ Cdc truc toa do Ox’, Oy' va Oz’ déu 14 cdc truc chinh. Ta cé :
I = 4ma”: I, = 8ma’” va I;= [2ma’
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I"'i =Ilfﬂl — Wy = aP = 3

- 4ma’? 4ma
: 2a P
g =hw, = o) = = —
‘LQ. vl 2 31‘!‘132 Ay

L3 = 13(!)3 0 = Wy = 0
Suy ra, vecto vﬁn téc gﬂc @ nﬁm trén dudng phcm gidc clia géc x‘O}f (HInh 5 9G) |
+ Ft= (Z m)(Vg - 0

4m

Vzr=
Ver_O
Tﬂmlgt[;f: '$B=$G-+E}/"&_B:}<YB}F.~=
| v o P
| m
chl_{}

5.8. Xem Hinh 5.10G

a) OK 1a truc quay tic thai.
Trong HQC ¢6 dinh (O),
vectod ® clia dia nadm trén

truc quay tic thoi.

Hinh 5.10G
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Ap dung céng thic cong van téc géc @ = @' + Q, ta suy ra vecto @ hudng
sang phai va c6 d6 lén bang : |
Q
; - tan®
b) Chon "HQC vat" Ox'y'z, taco :

=

= j—= — _
=06, QQ€, |
&, =sin gg,: + cqsﬁcqu
an I-n.' [ — -
® = ®'€, — sin Be;- + cos Be,.)

= (' - Qsin0)&, - QcosbE,

— ma'-ézl '!_ mz_é}r:

Suy ra -
=)
: 0
®; =o' — Qsind =Qc{?s
_ sin 0
'mgé—QcosB
I .lmr2
2
1 5 | 2 1 4 2
I, = —mr” + m(OC)" = —mr” +
3= (0C) 37 7
Lo = Los8, + LosE,,
dLo ds.. d&,.
— = Loy —% + Lo, —=—
i a7 4,

= L;03Q(-5in 08, — cosB8,) A &, + L0 Q-sinBE, — cosbe,) A &y
= (Izmzﬂ sinf — ls(ﬂjﬂ CGSH)Exu
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- .
e L o o
' 2 sin 0

4 = 3 CI'JE:S 0 |
= —-—ﬁjrzﬂz cosBsin® — —mr’Q* €, (a)
4 , 2 sin O

. Mitkhic ;. |
ZM.;} = OC A mg(~&,) + OK A NE,
- —ngcosGe C A (msﬁc + smﬁe )+

-+ RN(cos 08, — sin 08,) A (CDSBE};- + §in6E,)

= (mgRcos* 0 = RN)E,. . _ )
Tit (a) = (b), suy ra :
. ; 3 2 3
N = mgccsze + i—m%ﬂztosﬂsinﬂ + EmLQCGS o

R sin O

Thay % = sin 6, ta dugce :

N = .mgécs_z 0+ :'ﬂr{.jl2 (%cosa 0 + im{:usﬁsinz B]

5.9.Cdch I : Dung truc quay titc thdi

a) Tai thoi diém xét vat cé hai diém cé
van t6c bing 0 la di€m O va diém tiép
xiic K. Suy ra, truc OK 12 truc quay tic
thoi clia vat va vecto van toc géc o nam
trén truc quay tic thoi OK (Hinh 5.11G)

—_—

WﬁK:§C+E}A&_Kﬁ':0,suyra:

- Hinh 5.1iG.

-

QR = or hay © = L)

r
b) Vecto momen dong luong cta vit L=1& cling nam trén truc quay tic thoi
nén no quay_quanh truc Oz véi van toc goc Q.
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IE = zl’]’flz.-lig EerQ = const
r .
d]_,[].:.ﬁ.h —I:
dt
dLD =\fll__,:E“I'I_'II'.R.gli1 .. . | . ' .
dt- 5 ' ar o ,

ZM{]~OCAmg+OKnN

|2Ma\ (N - mg)R

: Tililﬂ— Zﬁ{}, suy ra:
de |
N = mg +%n‘£rff )
Cdch 2 :

Diing c4c truc chinh va momen quén tinh chinh.

Vi vat c6 mot diém O c¢6 dinh nén cic truc chinh cia vat la

- = Truc Oz' doc theo thanh

— Hai truc bat ki vuoéng goc véi thanh. Chon truc Oy' nim trong mit phing cla |
0y gidy (Hinh 5.11G)

Tir diéu kién lan khong trudt tai K, suy ra vecto @ nam trén truc OK va c6 do

-l+{11fn_iai:jt:~--E
r

Céac thanh phan ciia & trén cdc tryuc chinh la

W =0; 0 = AEQSinG; (:53 =E~Qcosﬂ'
r r
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Suyra: Lo = L,o,&, + I3mq8,..

}I"

2 2

trong do I, = %mr

O

+ m(R* + r?) va Iy = %_mr

-clL{:r d
e Y e.+Ime
dt cht(22 1058,
dL[} ﬁ Efjl_
dt

| %{ ='(I_3m39c¢.59_ - IzmiﬂSiﬂﬁl TR

Thay Iz,. 15, 4, m; va sin G = \/— vao ta du::f-’e
rRO?

dLo| _ 7 .
dt "s

Mﬁ}t khac Zﬁul = (N —mg)R. Suyra: N =mg + %mrﬂz.

 CHUDE 6

6.1. Hinh 6.1G
Chon géc toa do tai vi trf ban ddu, chon chiéu duong huéng xuéng.
Khi dy Al = '

| a) Xét tai x
~Khiv>0:

mX " = -kx + mgsino. — p,mgcosc,

Hinh 6.1G

X, = _—k(x — Xgy) V61 Xy = %(Sina — W, cosa)
m ,

hay x = x; + A cos(wt + tpl)-
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Vat dao dﬁng diéu hoa quanh VTCB (co toa do xm} véi tan sd géc ® = F
m

~Khiv<0

mX =-kx + mgsino. + gtmgbﬁsm
X =——(X = Xg) V0L Xgp. = %{sma + M, cOSOL) -
m o k.= ‘.
hay x = Xgp + Ajcos(at + {pz) 3

Vit dao dong d1éu hoa quanh VTCB cé toa dﬁ an v61 tﬁn 56’ goc o = Jf
m

_—Khty:-.;atacé-- - :
s (x'=%o +Acosp; =0
v =—Amnsing = v,
VE
Suyra: A= }(%1+~+%
B

Pubdng di cha vat tir lic ddu Ch{!.dé’ﬁ khi lai trd vé vi tri ban déu lin sau la
| S=2(xg; + A) 1 |
Do gidm dong nang 1a : i, |

—AW, = p,mgeoso.2(Xgq + A)
~b)TinsGlaplaigidtriv=01a ' = 2f = 2 i |

T \¥m

¢) Sau'mot thoi gian dao dong tat dan vat dimg lai. Xét hai truong hop :
— Vat dimg Iai & trén vj trf ban ddu (Hinh 6.2Ga)

a:l

Muﬁn dimg hin thi F,,q, = Fj, + mgsino.
“—Vatdimg lai & dufn vi tn ban déu (H‘inh 6. ZGb}

=

Khidy F i, = mgsmtx Fy,

Suy ra vat dimg & duéi vi tf ban ddu thi hop I
hon vi p, nho, nén F msn NNO
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d).

X0
Rp2

Hinh 6 3G
672;- Xét cﬁn lac dang d::'.;m dong (Hinh 6.4G) |
IF‘,x - mgcns;:t' =my = ~mA®’cosamt |
Suy ra: Fh;. = mécnsa ~ mAw cosmt
o Xéi riéng hop :
O}f ‘N - Mg_cdsa + F=0

Thay F',, = -F,, (dai s6), ta dugc

. 2 :
N — Mgcosc, — mgeosa + mA® cosmt = 0.

hay : N = (M + m)gcosa + mA{ﬂ%Dsmt' |

Tir didukien N> Osuyra: -

Hinh 6 4G

A< (M + .I’l’l)gEDSD‘. - L

| me>
b) Xét ca hop va con ldc chuyén dong theo tryc x :
Ox : (M + m)gsino, ~ uN = (M + m)a,

(M + m)gsino — tana[(M + m)gcosa, + mAmzcnsmt] = (M + m)a,.

. tanc.mAw> .
Suy ra : a, = —— cosmt
: M+ m
. mA®tan o .
Vi sinomt (1)
M+ m -
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Theo (1) ta thdy trong moét chu ki dao dong cua con lic thi cd hop chi
chuyén dong trong mot nira chu ki, con mét nira chu ki hép ding yén vi
v < 0 va luc ma sat 2 (M + m)gsmtx Nhur vay ﬂuan dudng ma vat di dugce .
trmng mot chu ki la

ZmA tanc

S= jvdt = —
M+ m

D-_......_.Ml_-—]

“Vay t6c do trung binh ‘clia hop trong mot khodng thai gian dai 1a :
I S moAtano | |

Vb TR T
~ TIE(M-I-ITI)

6.3. ‘a) Xet chuyén d@ng ciia vat trong HQC
ditng yén. Chon gdc toa do x cua vat 12

" ddu ty do ctia 10 xo khi chua bién dang.
Khi 4y toa do cua vat ciing 1a do bién dang
x ctia 10 x0. Chon chiéu dwong la chiéu
chuyén dong clia bang chuyén.

Gi4 st tai mot thoi diém ndo d6 vatcé
van téc v, Vat "dinh" véi bang chuyén
va chuyén dong déu cing véi bang

Chﬂ}"én Chl.l}'én dﬁng dinh dlél’] ra cho : =Xrnm_ }.i?. x'.l : I-""um:f*"L
dén khi lyc dan hoi can bing v4i lyc ma o Fa L o
V=

sat nghi cuc dai. Goi x; l1a vi tri tuong e)
{ng cta vit (Hinh 6.5Ga). Sau d6 vat hét
dinh va huc ma sét gidm dot ngdt dén luc

ma st trugt (Hinh 6.5Gb). Vat truot cham dan, lheo kiéu dao dong diéu hoa
tr vi trf x; dén vi trf X, 6 v =0 (Hinh 6.5Gb). Sau d6 vét chuyén dong
nhanh ddn vé phia ngl.rérc; lai. Vi hé luc tic dung 1én vat vin nhu & Hinh 6.5G

Xmin ig X im_nx e

HEHJHSEG'

b nén vat dao dong diéu hod tir vi trf bién 'x,, dén vi tri bién xp;, (Hinh
6.5Gc¢). Sau d6 vat truot nhanh dén (theo kiéu dao dong diéu hoa) dén khi dat
dwoc van t6c v, clia bang chuyén tai vi trf x, (Hinh 6.5Gd). Tir vi trf x, vat
truot déu véi van toc vy dén vi trf x; (Hinh 6.5Ge). Mot qua trinh giéng nhu
trén ld] lap lai.
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HaTRE

b) Tai x; : kx; =p,mg = x; = (1)

Khi vat chuyén dong tit X; —> Xy

Z | mX = —kx + u,mg
< k(. p.tmg)
X= ——| x —
o m[ k ).
x=Acbsfmﬁt';c1;)+w Wy = k
‘ k : Ym

v = —Aaysin(ogt + ¢)
Goi t = 0 12 Itic vat c6 toa do x, Vi ¢6 v = v, (Hinh 6.5Ga)
' Vo = —AmySing

Xy = -!'% #_1"-\.!::{35{4)

Hpmg

» Thay x, = vao, ta duoc :

Homg _ pym
k k-

2 L :
v m
:>A=J2+ f (l'l'n_l-l[)z
@y kK

= AcosQ

~ Vi vat DDDH tif X, = Xppi quanh VTCB ¢6 toa do,xg, ta c6

Fd

- m
kxg = 1mg = X, - BME

“k
Nhit VAY Xppax = Xg + A VA Xpyin = Xg = A.

Ap dung biing s6 ta dugc X, = 3,2 cm va X, = 1,8 cm.
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¢) P& tim chu ki‘c

"dinh — truot” nay ta dung méi lién
hé giffa chuyén dong trdn déu va

DDDH (Hinh 6.6G)

Goi t; la thoi gian vat di tir x; dén X,

X, d€N Xo, 13 C6

. 4 X '
c-;)su:_?_Q. _

Goi t, 12 thoi gian vat DPDH 6 Xpaq > Xpin © ty =

ta éhuyé’n dong

xmi n

-~

Goi t; 1a thai gian vat chuyén dong déu tir x, — x; :

o2 XXy 2% %)
3 = e g M — T
. ; "u"-ﬂ 1'\"{'
Vay chu ki clia chuyén dong "dinh — truot” 1a :
. a 1) 2m -,
Tl | m e [ glky — Hy)
_ €. 2 kvg
- T=0,67s. A%
d) Hinh 6.7G
' ) Amarh e e e qm—————
J{| —p= === == ..: ____ : ____________
E 1 1 1
] ] | N | 1
] ] | S T | 1
] ] 1 1 1 |
1 ] 1 1 1 I
1 I [ [ I | 1
L] ] | RO T | . ]
itnrl s - r-=ra- =3
1 1 i 1 1 1 ey
1 1 I ¥ 1 1 I
I ! R i i
1 i [ | [} i
i 1 [ A i
] i S 1 )
e L S A ER B
4 I ] 1 | 1 1
R frmgonss oy mm gl g oo i . e g o o ! I
i | [ | 11 i
1 ] [ | R S | 1 ¥ 1
i i i ' | 1 1 i
~ i -]‘ ‘j‘ ‘I‘ ‘l 1 i E =-l h,
O 4 Ly b oty t 43
" : g T
Hinh 6.7CG
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6.4.2) 0" = = hav @z -~ 0 = ——
) 0 4 Yy Wy o
= A (£2 — £
| o ~t ) = e

2) , -

0. idgi han : f, — f = —e i, = f=1f11—-—
BT 00 T ”( 100]

- _:- 2 | .'_I 58
4P 1—[1-"}#) T

IS o ' 2 .
47;21"& ] s 1 4 _Z.HJ :Ib_.

. | | "
Mat khéc : o = 4n2f§ s 0

k™ 2 b? b Qkm .

= —, - s — P
‘m 100 ~ 4m* 100

b2

b} {ﬂz - — 0

O 4m?

= bth B ‘\ﬂq'km

‘¢) Ap dung bang sO
b“\}ﬁxlﬂﬂxﬂl mosgﬁ.

100 m

by = 3 X 100 % 0,1 = 440 = 6,32
' §1]
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6.5. Xem Hinh 6.8G
a) Thoi gian qua 6 gi :

L2090 ho00s
. v 25

- Chu ki dao déng riéng :

- zn\r ,_’ (} 89 s
To 50. 103

= TG Gia thiét ctia dﬁu bal duoc nghiém dlfing

| Lap phuung trinh chuyén dong ciia khéi luung m : Khi khéi luﬂng m l¢ch khoi -
VTCB theo phuong fhang ding mot doan 1a 1i d6 v vﬁ bénh xe léch khoi VTCB -

mot doan la 1i do y thi 10 xo smh ra mot luc kea ve 1a F =-k(y, - y) téc dung
vén khoi lugng m. - |

my; = —Kky, + ky =—ky, - %(I-f cbshTﬂ)

y 'ka' 2nvt
my, + ky,; = £ 1 —-CO§ ——
z i{a 27t
Imydt + jk}rldt = j-—dt + J' cos dt
0 0 0 02 b 7

Trcung thdi gian ‘i’ rit bé, 1i dn Y1 theo phlmng thang ding clia xe khf}ng déng -
ké, tﬁciazﬂtmng[ %]

‘Tait=0,%x =0; tait="5, X = Vg Tacé:

: i
mvg, = _Ecﬁ + Esi’n 208
2 2 [ o

—_— Vg = —'E'I;l— = —G,{}SG 111!3

14 BD.. CO HOC 3-A S ; 209



b) Chuyén dong trong & ga lam phat sinh ra dao dong cia xe theo phuong
thang dling sau khi di qua 6 ga :

‘ [k
Nefdg =4[ |V{}1 = A
o0 Vm

A = |vg| % =7'mm

C66.a1)  mK _:.Fﬂﬁus'mt-k?:"-a' bx
‘ mx+hx+kx-FﬂC:}5t5tP | ' e (i).

a.2) GIEH phuong trinh (1) bing phuon g phﬁp gin dﬁ fré-nen hay phuong ph ép i
56 phic, ta du{m ;

K= Acos(mt ) el VR . {2)

véi = — o _ (3)
\/gzmz + (k - mo?)*

e v

Ta nhan thdy m dao dong diéu hoa cuﬁ‘ng‘ bitc véi cung o cﬁa luc cudng biic |
nhung tré pha hon luc cudng biic. - .
' b.1) He dao dong o ché d6 t6i han khi biét thic cta phtmrng trinh dic trl.rng bang 0.
Ns
m

bﬁ]' 4km = 0:>bh—-7\f = 2—

N | \
it — = mﬁ, b =aby, =20 va @ = aty
m

Cong thic (3) duge viét lai thanh

A = Fo __  S—

mey 4a2a? + (1 - a%)?
. _ F, |
Néuw=0,a=0, Ay = — thi
. may;

A 1 '

YT AT 22 2.3 )

: da“a” + (1 ="a%)

!
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b.2) Bién do A cuc-dai khi y(max) :

dy
da

- B '- ) .
- hﬂ.}" {ﬂ = -\Hl 2[11

| Né'um=t}thia-= NE — 20 = 0= oy .;711_""% b=+v2"

- 1avaoa (Vi@ = amg).

6.7

a = 0 (loai)

Viy A, khi a = ﬁl e 21:112 voi a; < % V.ﬁ b<+2

Ag

2041 - o |

Khidy A, .. =

Su cong hudng s€ cang nhon khi o — 0 (hay b — 0).

Néu a > 2 (hay b > \E ) thi khéng cé cdng hudng.
. \/’E : : I _

b.3) Hinh 6.9G biéu dién su phu | .
thudc ctia bién do A vao o, tic o/

1
1
I
1
i
[
i

1
1
|
1
¥
E
4
1
ik

3

Y - 0= a2(1- 2?) - 402 ](4ata? + (1 - a%)2] 2 = 0 (6)

2 k - 0 : 1 3 a
.a) o] = —— (mgyda biét) ;
. mg ' . Hinh 6.9G
|
o2 =
mﬂ, + m
2
(0
Suyra: m = mﬂ{ ;*— J
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b) Chon truc Ox hudéng xudng, chon goéc toa do tai VTCB. Ta ¢6 :
O VTCB : mg — kAl =0

Olido ﬁf’h@g —k(Al +x) = bv = mX '

Suy ra: i+£i+_£x=0

m. m
. Pit @ B RRLLI T e

m 2m
_i%ﬁi-&mﬁx:o
ﬁéjt X= E“ ta dugce phuong t'rinﬁ &ac tnrrig
r2‘+ ilr +'{ﬁ% 20
A=Y - of
Trudng hop 1 : A'> 0, > wg hay. b > 2Vmk

s

fz* T w _hr 2 E
x=e*?"(Ae}“ @t Be VM {"“t] :

* Vat dich chuyén cham vé VTCB theo quy luat :

Trudng hop 2 : A= 0, o wphay b = 2Jmk

Vat dich cfzuyén nhanh nhit vé VTCB theo quy luat :
% e (A + Bt) |

Két hgp v6i didu kién ban déu :

x:A:
t=.0{_ o
1x =0

tadugc:x=(1+ l}xﬂe"}“‘ |
Trudng hop 3 : A’ <0, A < @p hay b < 24/mK
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. Vat dao dong digu hoa tat dan
X= Aem?“tcc}s(mt +0)
=0 x=ﬁcbsq:-=xﬂ |
Tk == Alcosg — Awsing.= 0 |

6.8. Trén quy dao tron, chnn g6c toa d6 ctia m6i khéi luong tai VTCB clia né.
Chon mot chiéu duong chung . -

P 0N

. a) Gid sit IEH thoi diémt, khéi lmmg 1 cétoa df_’: xl, khm lm:fng 2 c6 toa do xz

mX; = 2k(xy — X{). e R (D

mK, = '—qu-(:-cz' =% X1) o & S E 2)
bat _m% = i{- va thay X, = — 6}211, Xy = ——'"mzxz vao, ta-dm;'rc

m : .

;m?xl = Zmﬁ(xz - Xy) ' ' 3)
Tu' {3} va {4) suy ra: |

(~a? + Zmﬂ)xl = Zmﬂx2 &)

(=0 + 200)%, = 200, | -~ (6)
Tix (5) va (6) suy ra | |

(-0 +2mﬂj #4&"’@

o? (0 — 4ap) = {m =0 .. Gy
® = 20, (mode 2)

Véi o =0 ta duge x =,“ﬁ =vi

V6i 0 =2mg ta duge : Xy = —Xy = Acosat.

b) m¥, = - k(xll ~ Xq) + kix; = x;)

m}i?- = - k{xz e 13) + k(xi e Kz)

mi,; = — k(X3 = X;) + k(Xy = X3)
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Suy ra:  —@°X = -m%(xl - Xy) + 05(X3 — X;)
B ":’2’92 = "-fﬂé(xz - X3) + Cﬂ%(xi ~ Xp)
__mzx3 = —wp(%3 — X)) + mﬁ.(xz = X3)
hay : (.m-cﬂ“‘;'l + 200)X; = (X, + X3) ;= g N G _.
(~0r° + 2&%))‘:2: = W (X +Xg) " . 7%8)
(-;mz + 2m§)x3 = {;}%(xl + X5) | . (6)
Lﬁy 4) + (5) + (_6) ta du'qp |

—a% + 2{5:% = Emﬁ = ® =0 (mode 1)

Ldy (4) — (5), tadwoc :
(0% + 200)(x; = Xp) = ~ O(X; = Xy)
hay @ = fﬁﬂﬁ' néu x; # X,. Thay m.z mﬂﬁ vao (6), ta dugce
—xﬁ = X; + X9 hay X; = —(X, + X3)
Vay néu x, = x5 thix; = Qﬁxz va ta dugc mode 2 v{ﬁ o = 0o /3.. |
Tunng tu, néu X, = X thi X3 =—2x; va ta cﬂné duoc mode 2. |

6.9. Chon géc toa do cho méi khéi lwong tai VTCB ciia né. Chon mot chiéu duong
| chung. Goi X, Xy, X3 ldn lugt 1a 1i d6 ciia m6i khéi lugng. Ta ¢6

mi = —kx; — k(x; ~ %) = —2kx + kx, O

mi, = k(x; = X;) — k(X — X3) = kx| — 2kx, + kx; " (2)

mX, = ~ kX3 + k(X, — X3) = kxj — 2kx3 . 3)
hay : | ("= 2@%)1{1 + Xy =g (4)
(07 - 200)%y + @pxy + Ogx3 =0 | )
(0% = 208 )%X3 + W5Xy =0 | (6)
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Ldy (4) - (6) tarduoc :
(w® — Zmé)(xl ~ Xgq) =
Suy ra :
o Néu x; # X3 thl @ = mﬂ-_«ﬁ. Thay vao (5) ta dugc 1 X = X3

° Néu x, = %5 thi hé (4) va (5) triy thanh :

(fﬂ i Qm[})xl + I:DGFLZ = {J ; ' (4|} ¥
: (m - 203)%, + zmﬂxl Lyt B B0 (5 -
. o |-_ F .. . . -"'[:ﬂﬂ i
Tx(@)suyra: X =—5— 5%
B s 0 =208 2

e
(@ Zmﬂ)x

T_l‘I (SHsuyra: % =

20
2 5 inad
- of __ @ - 20
- 2{1}{} Qmﬂ 3
hay @ - 403{)1:13 T Zm =0

' [/2 ¥ I)@G 1,850,
2(42—,\5)»31{] = 0,770y : ‘ | |

Vay ta dﬁqc 3 mode véi cdc tin s6 la

B

= 0,770 khi t =4 = %2 = A, cosot

2
W, = Ji(ﬂb khi x5 = 0 va x| = =X3 = Aycoswt

e
V2

Céch giai téng quét (xem muc C phén If thuy€t)

['133 = 2,85{]}{} khi XL = X3_ = = .ij cOsmt
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bat x; = Ajcosot ; X, = Aycosot va X, = Ascosmt réi thay vao cdc phuong -
trinh (1), {2) (3) tim dugc tir cdch 1, ta dugc :

(0* - Zmﬂ)A, + %Az =0

(0* - Zw{,)Aj + mﬁﬁz =0

i . 2 Dy . . 2 ;
Suy ra 4 | i i i 22% 22{05 ' (7)
| Ay 0y ~0" + Zmﬂ | :
" DatA | = CsmB Az = Csin20 ; As = Csin30 réi thay vao (7) ta duge :
| g i |
ﬁi‘fi-:gmge = _+ zmﬂ _ (8)
Az 3 ﬂ)% » 2

Tir diéu kién by Ag= 0 vd Ay =0 ta suy ra 40 = nm =5 0 = %. Theé vao (8)

- ta duoc

nm —_mz- + 2&){%
2c0s— = 5

.mﬁ

= @ = ZbJ% I - cﬂsﬂj = 403{} sin? 2=
4 8
@ = zmﬁsiﬁi‘sﬁ (véin=1,2,3)
Ta duoc cdc mode dao dong sau :

Mode 1: o; = 2w, si'ng = (0, 7?:::3[;,'. Ung v6iné 1a :
n_C o
A; =Csin— = —= => X; = —=cos®t
1 i B
. . 2m )
Ay =Csm—4- =C=x; =Ccosat ' ; x; =

3
Ay =Csin— =
4

= 5 %y == cosot
V2
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Mode2: @, = 2wy sing = m{_,\E. Ung v6iné la -

Ay *—-Csiﬁgzcspxi = Ccosot
. X, =0
A, =Csint=0=>x5 =0 ’
R . L X) = ks
- Ay= Csin-§-= — C'= x4 = — Ccosot 5
o : L 3n |
Mode 3 : w5 = 20 sm? = 1,83y
3n C o &
A, = Csin— = —&—= = Xy = —=cosot
I.__ 4 . \E Pt -JE |
; 3 ,"'XE
A, =Csin—=-C = x, =~ Ccosot ; X; = X3 =—F=
2 9 . 2 1 3 \1{5
'-A3 =Csin9—ﬁ=—{z~ = X3 =£cesmt
42 V2

"~ 6.10. Xem Hinh 6.10G
a) Cdch 1 : Khi day bi rdt ngan tic thoi tai VICB

ip dung dinh luat bao toan momen ﬂfmg luong : mv,,[ = mv({ - a)

Khi khoi lugng m di 1én theo quy dao tron ban kinh (/ — a) :
.ﬁxp dung dinh 1_uat béo toan co nang : é—mvf = mg(/ — a)(1 -~ cos0,,)

Khi vat di xuéng theo quy dao tron véi ban kinh [ :

Ap dl.;flg dinh luat }Jﬁu toan co nang : mgl/(l — cos Bm) = %mvﬁ

3 _ .
9 2 [ "9 3a
=V e L L —
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Po tang nang lugng :

1 2 | 2
AE B '—'I’HUQ s Emvm v‘% — "Ji 3a
— = = = 2 =
E 12 Vin :
Oy
. b) A, =2 [ kv?/d® (gin ding)
' O

Vi v (0) = vi — 2gl(l - cos)

- g _ _
va.cosf, =1- o : VVn'

' 2gl : .
i Hinh 6.10G
= A= Akgl(sinb,,, - 0,,c0s6,,)

é) Dao dong clia con lac dat téi ch€ do tuan hoan giéi han khi nﬁng' luong
cung cdp cho con lic trong méi nira chu ki bing ning lugng tiéu hao do ma sat-
trong nita chu ki do '

3a 1 e ;
: T'Emvﬁh = 4kgf Cﬁlﬂ th b th CGSth} :

Thay vﬁh = 2gl(1 — cos B, ) vao, ta dugc o

3ma(l — cosbyy) = 4k$2fsinﬁéh — 0,,c050,)
d) d.1) 0y, =82° |
ATIE B R e

Nita chu k11 By =274 1 v, = 3,22 m/s ; 0, = 13°
Ap=1200; A =207

Niachuki2:E, =3747; v, =3,76 m/s ; 0, = 15°
A,=163T; A =317

Nira chu ki thit 38 : Eqg = 9258 J | vag =I18,69 m/s ; B4 = 82°

A=4045T; Ay =4043 ]
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- 6.11. Xem hinh 6.71G
a.l) OA = 18,
mi@, = — k(r — )8, + mg + N
chiéulén €.:- -~
mf = -k(r - IG) + mgmsﬂﬁ €1}
VICB: i =0 = krﬁ = kfﬂ + mgcosﬂﬂ 7N -
| win Hinh 6.11G
Tu (1} va (2) suyra:
, 3 :
m(r ~-Ty) + k(r - r[]) = .
ety T e 21:\/5 = 0,44 5
. m k _
a.2. Luc ma sit nhét : F, = -bv = br
b.1. Trong HQC quay gén véi thanh
1 .2
; E = =TT
d 2 | |
B, == mgz = = mgrcos 0’ (mél'c th€ nang ¢ 0)
E, =2k- .f .)2
iy ) 0
. 22 .2
E, = —E(mﬂ r” sin” B;)

(Lyc Co-ri-0-lit vudng gbc véi van téc tuong doi cha A so v6i thanh nén

khong sinh cong).
b2.E=Eq +E, +E, +E, =const

dE
dt

=0 = mf — mgcosBy — k(r - lgj mQ’r sin® 8, =0

hay: r + (m% ~ Q% sin® Bg)r = mﬁfﬂ + g;gsaﬂ (ym .{uﬁ - _E]_] .
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wply + gcosh,

V'FCB:'I‘zU:?r =
: mﬁ—ﬁzsinzﬁﬂ

Pat o = 0} — O?sin, = 0,190]

_-T:ETL:.T{_} =1s
| o 0,436 >
6.12. Xem Hinh 6.12G | '
) mg4N-b¥=mi - . (D)
. |
-—mgsmﬂ bv = m—E >
dt . _ : : yJ{+}
- —mgﬂ bRO = mR# | .. Hmh6I12G
0 + —-ﬁ + -—E} O (2)
m R :

b I. Su tr& vé VTCB dién ra nhanh nhét ing véi ch€ do phi tudn hnan t6i han.
Khi &y biét thitc clia phu{:rng trinh dﬁc trung béng 0. |

! 2
A = %_4_g (}:::R,J,aémjg

Khi 4y nghiém clia phuong trinh (2) Ia
b! _
= (A + Bt)e “2m

3)

.
g [B 2k Bt)]a 2m
2m

Pidu kién ban ddu (t=0):8=0;; 6 = 0. Suyra |

bt

bt

b
H=06,/1+—¢t|e 2m

2 bl

b2 : —“—'b—'-'-ﬂﬂtﬁ 2Zm
4m

bt
Vay |v| = Ry, [E}I = gﬂﬂ[e_zm
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bt

_U ﬁﬂgeue_ﬁ( w—bl]ﬂ}tait:%nl

2m

2mgb, mgh,
eb . 1,36b

@

= Vmax &

Chiéu phuong trinh (1) 1én €, :

mg cos 8 ~—_I'~II = b =
'vé v cho bdi phuong trinh (4), ta ﬁucrc "
N -mg [c;}s[zen] [ﬂnﬂ
: € : EI i
GPGiviR<R,

Chuy&n dong cua hat P 1a dao dong tat ddn quanh VTCB 0=0).
Phuong trinh (2) chn phép hai nghiém phiic :

r\"-—-b—ui- mvér——j—-—m )
b 2m j z 2m ]
vl @ = E"“—b?
4m

Nghiém tdng quit ctia phlmrng trinh (1) la
B bt
g=¢ 2m (A cosmt + Bsinmt)

Tait=0,0= eﬂvaﬂ 0.Suyra:A= aﬂvaﬁ_i'

2mo

bt
; TG b .
= 8(1) = §,%™ 1:-:05 ot + sin mt]
: mo

221



Dao dong tat dan véi gia chuki T = —ﬂ-, duogc dic trung boi luong glam loga

(0}
bT ‘ -
: me. @ v g ¥
R 4m?
CHU PE 7

7.1.Chon méc thé nang tai diém thdp nhét cia con lic (trang théi can bang).
Co nang toan phén ctia con lac 12 ;

E = = + mgL(l — cosa) = const
' Ea
Phan tich biéu thitc cta E ta thdy : ,
: 2mgL

e Néu E < .Zr_ngL, con lic dao
dong quanh VTCB thdp nhat -
Néu E < 2mgL thi con lac dao =

v

dong diéu hoa. E > 2mgL
E =2mgL

E <2mgL

Ty e

e Néu E = 2mgL, con lac khong I

dao dong ma chuyén dong t6i \/"IJ’_
VTCB cao nhit. >< G
,]l\\v\_

o Néu E > 2mgL, con lic quay | _ :
quanh diém ¢& dinh. P I
Quy dao pha duoc chi trén Hinh 7.1G Hinh 7.1G

I
1
I
1
(13
1
I
]
I
i
I
1
1
|
I

Co K =3 loai qliy dao pha khac nhau vé tinh chﬁt {idﬂ G{'ﬁng, quay va chuyén .

dong t6i diém can bing cao nhat.

7.2. a) Chon truc x doc theo phuong chuyén dﬁng, chon géc toa do tai VTCB
khi khong c6 ma sit (16 xo chua dan). Ta duge hai phuong trinh chuyén -
dong sau day

‘ y
o Néu % > 0: % + mgx = — 18
m
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. _ F e
eNEux <0:X + m%x = -T2 trong d6 F,,, = umg va mé = —
m .

VA Ry = X — Ching

m D}G mﬂ]{}

b) Bing cich dua vao céc bién s6 x; = X +

ta vi€t cdc phl.rn‘ng trinh trén d&}f theo ciing mot dang g16ng nhlr khi khong c6
ma Sdt

.‘. _ 2 ¥ »
T S B T 0

Téc dung cia lyc ma sdt 12 1am dich chuyén vi trf can bang :

: . ¥ - a ~ X T8 F 4 o # " - . 3 w
khi X >0, n6 &g thanh x_= - .’“““’2, Xy =0 vakhi x <0 nd tro thanh-
mop i
: B .
Ky = Hlbz s KE-= 0.
C o may

Nhu vay, qui dac pha gdm hai phin @ d6i v6i p > 0 thi quy dao pha la phan
elip c6 tam tai x_, con do6i vdi p < O thi qu§ dao pha la phan elip c6 tam tai x,.

Do tinh lién tuc clia chuyén dong ma céc phdn nay phai ghép thanh mﬁl dudng
cong lién tuc va diém ghép tai p = 0 (Hinh 7.2G).

A

¢) Theo qu dao pha & Hinh 7.2G th vat ?
khong nhat thiét phai dimg lai & diém x = 0. //’ \
No 15& du‘flg l::;ur lafn::-'ng'lfhﬂangu tu x:_‘ dén xq,,_, has™ N X
khodng nay goi la "mién nghi". B réng cua TAQ Xl Ry X
mién nay 1 : | | _/

X, =X = %ﬂl‘lﬁ_ ~ : Hinh 7.2G

Mg
d) Tir quy dao pha ta dé dﬁng tinh duoc do giam bién d sau moét chu ki ¢
4 ~ 4F
AA=AQD - AL+ =2x,-x) = Fns _ 4P

mm% Eﬂmmﬂ

Ta thdy réng khéc véi tn.rﬁmg hcfp ma sat nhét, bién do glém déan theo dinh luat
tuyén tinh . |

2E

ms
My

A = Ay - pt,,, trong dé p=
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" e) $6 dao dong toan phén phu thudc vao bién do ban ddu, cu thé la

_
2x, = %)
Hinh 7.3G la d6 thi chi sy phu thugc ~ *
cla toa do x vao thoi gian. Chu ki PR gy
bing chu ki cia dao dong tr tw do, |\ /[ \ _ /\Twee.o

——————— —F——

Hg e
1
i
1
]
' ]>
1
: i
i I}
i I
1 i
I
:5'
]
=]
e

@ = X . Thi gian gita hai do lech —-v---—v---\;]fi’;“_ '
Cm : ; e : !

-
=

h -

-

cuc dai lien tiép la T =28 B |
@y | ' Hinh 7.3G
_déng khong dimg lai chlmg nao bién

- d6 con 16n hon mét nira mién nghl ) Hinh 7. 3G, diém P ddnh ddu dlém 0dé

- vat dimg lai.

T3 Tn.réfc hét ta tim gia tri trung binh cta lyc cang T trong mot chu ki dao dong
- khi con lic ¢6 chiéu dai 1a / va bién do goc 1a 6, (BD nhd).
Tai 1i d6 goc 6, tacd : |

T~ mgcosd = E%r— = ml6?

" Suyra T = m.g cos® +. ml6?

Vi 6 nho nén : g
. T:mg[l-—%J+mzez |

L4y gi4 tri trung binh va nhd ring sin® ot = cos® ot = —

- : 2 2
T = mg - —2-92 + mfﬂz = mg — % ¥ mfw(mgﬂ)

Thay o =

- |05

vao ta dugc :

_ 02
T = -4
mg{lrsn 4)

Khi day bi it ngaﬂ ti tir thi céng cua luc kéo day (ciing bang cong cua luc
cang} bing do tang nang luong clia con lac.
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Chon méc thé nang tai diém treo, ta viét :

~TAl = AE
- 05 _
~mg| 1 + % Al = A(-mglcosB) (1
~ A(-mglcosBy) = Al -mgl| 1 — x| mgAl + Emgeﬂﬂ.! + mglB,yAb,
~ Thay vao (1) ta duge :

f@n[fﬂ %eu%‘f}:o
0 © e

:\ 3 ;
163 Aln [BGH] =0
.|3 .

Suy ra: GGE"' = const | . | (@2
Day 1a mot bat bién dﬂan nhlét [rong qua trinh thay 651 doan nhiét chiéu dai
con lic.

Tir (2) tasuy ra : khi [ — -i}— thi 8, — 1,680,

7.4. Xem Hinh 7.4G

Trude hét ta xét momen cla céc luc tac
dung vao kh61 ]ucmg m déi v6i truc OZ.

e Momen cla luc céng T d6i véi diém
treo o8 dinh O trén truc OZ bing 0. Suy
ra, momen cua luc cang T d6i véi truc OZ

- cling bang 0. i

Hinh 7 4G

e Momen cua trong luc _ﬁ déi véi truc OZ bang 0.

15.BD.. COHQC3-A : _ 295 .



dL

Vay, EZ = 0 hay L, = const

7.5.

226

Suyra: | , / \f | | -(2) i
: [cosB ! B T

a) Khi 0 rit nhd thi h~ ]

L, =Lw= mr @ = const ’ (1)

Y

Mat khafcia co

mgtane ma Isin®

Thay (2) vzm { ) ta dugc :

Ly = mrz\'j% = const v . (3)

LZ e mt‘z\j— mr \j’ = const

sy = const hay I~ _I4

ﬁ!“"

E’:n)KhiﬂmE thir={, taco:

b2 |

P - |
o o —mr\[ = IEJ‘E—:CUHS{:'_':(:UHSIZ:>_=Cﬂ'5nt ha h«-fi
4 " \h T Jh ’

2
Tém lai khi 9 rat nho thi L 1 bt bién doan nhiét cha hé. Khi 6 = 90° thi

Vi
IZ

—=la bt bién doan nhiét cua heé.

Jho
Xem Hinh 7.5G
a) Vi vit B dao dong nho nén T = mg.
Vit A chiu hai lyc cing Ti v T2 c6 6 ién déu a T. Goi F 1 hop luc clia
ﬁ va T2.Taco: |
* F, = Tsing = mgo

15. BD... CO HOC 3-B



* Gié tri trung binh cta I_'-“}r trong mot chukila:

‘Thay ¢ = @peosmt (ﬁc’ri m= J%} vao (1) tacéd:

" 1 :
Fy="1*(1—cﬂscp}=§mgtp2 W

w3 '
K = -imgq)% cos” ot

s ;
Fy = ~mggj cos”ot =~§;mgtp3 (> 0)

- Hinh 7.5G

b) Dung ngoai luc ﬁ}r = —Fy dé dich. chuyén cﬁ&;m vong A theo phuong

- thing ditng. Cong cua ngoai luc ?}r khi ﬁfmng dich chui.ré’n mét doan dy la:

7.6.

; i _ |
dA = —F},d}f = - Emgfpﬂ y (2)
Goi [ 1a chiéu dai con lic (I = AB), E 1a co nidng ctia con lﬁc,-ta co:

Cdy= dfva- E = %mgt'{p%

Thay vao (2) ta dugc : dA = '——;—:Ej—da' vi dA = dE nén :
dE:mlEdf::,,fdﬁ:*E_.kld;!:[}
2 1 :E 2 1
Suy ra : El* = const h | (3)

Cong thitc (3) cho biét sy bién ddi co nang cla con lac khi thay déi chiéu dai
con ldc. N6 1a bat.bién doan nhiét ctia hé nay.

Xem Hinh 7.6G.

a) Dinh luat IT Niu-ton viét theo phuong clia day :
VitB: T — mg = mr

VatA: —T + mgcos® = m(F — 16%)

- 227



Suyra: 2mr = mrf® — mg(l — cos8)
{‘}2
Thay 1 —*;Epse = =y vao, ta duge phuong trinh
| I .9 1 5; .' o ' =
r= —I"B mag i B : 1
2 a4t . W,

Xét trc:ung mot chu ki dao dong bit ki, ta coi chuyén dong cla vat A nhu
chuycn dong ctia mot con ldc dai 1a r v6i bién do géce 1a 6,.

9 = 0.cosot {vfﬁ o= \jé] |
r

8 = — w0, sin ot

Thay vao (1), ta dugc :

f = lgef (sr.in2 ot — ?lzumsz mt]

2 Hinh 7.6G
Gia téc trung binh ciia B trong méi chu ki la :
T S |
B =T = ggef _ I @

Vi @y > 0 nén vat B di lén nhung rit cham v sau mot thoi gian dii n6 s& va
' VAo rong roc.

b) Chon mdc thé ning tai rong roc va viét bléu thic clia co nang tai thoi diém
khi 6 =60,

E = ~mgrcos9, = mg(2] - 1)+ %mfz

= — mgr 4-9—3 -;m(2£-r)+-1-mi"2-
£ 2 : 2
e
= mi® + —g-mgrﬁf — 2mgl = const | (3)

Vi co nidng bdo toan nén ta co :

'223. o : ;



-El—-E—Jz 1 E‘[fz + lgrE}E] = )"
dt dt 2

21 + %-{a'-félf, +2106)=0

Thay (1) vao, ta dugc

ST 3 O\
-?)-i‘ﬂr-+'fﬁr={}-“—“>§£+?£‘=0 :>£l-fn 40, [|=0 -
4 ‘ 4r - 0, odty.- s

3 . | . ..
hay : 6.1% = const : | (4)
~ B LR 3 . e -
‘ Suyra: 8,4 = Bm(2£}4 = 8, :'Eﬁ_[—)d' . w (3)
o e 2 : .

lic ddu  lic B cham rong roc

Két hop (5) véi (3) ta duge : vy = %J%{(l - 71—5]

CHU DE 8
*8.1.Chon ddu duéi lam g6c toa do, chiéu duong huﬁng len. Xét mot diém ¢6 toa
do x. Khéi lugng cia doan day & dudi. diém dé 1a % Luc cang T tai diém’

dola T = % Nhu vy téc do truyén song trén day tai diém x 12

Ta lai ¢6 : dx = —cdt
dx

e

Suy ra dt = -
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Thori gian d€ séng xung chay tit xy =/dén x la:
—_— ,] i f

Néu vat gap song xﬁng tai toa do x thitaco:

- =_1_3(MT
2°0 e

Suyra:9x*— 10k + =0
X ¥i£ '

8.2. a) Cm_:-ﬁ truc x ¢ goc tai A, chiéu duong tir A — B. Séng Elirng xudt hién trén
day AB c6 thé xem la sy giao thoa cna hai séng chay ngugc chiéu nhau trén
truc X : u (x — ct) vd uy = (x + ct). Ta s€ tim hai séng nay.

Goi f(x) 1a phurong trinh ciia day AB tai t=0. |
Tacs: (X, 0)+uy(x, 0) = f(x) 0<x<L) ()
Vi céc diém trén day tai t = 0 c6 van t6c bing 0.

o Tacé: du,(x, 0) E: du, (X, 0_)

; . = ()
dt dt
. - au] dlll dx | d.llI
W . = : =6
dt dx dt dx
dﬂz =du2_dxﬂ_cdﬂ
dt dx dt dx
Suyra: LR 1 R 2)
_ dx dx- :

Tich phan phuwong trinh (2) va cong vdi (1) ta duge :
1
uy(x) = E[f(x) + ug]

Uy (X) = %_[f{x} - g 0=sx<L)
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Trong d6 ug, 12 mot hang s0 thy ¥, ta cd. thé chon ug =0 va duoc :
ul(x 0) = uy(x, {]) = -f(x) 0<x<L)

Nhur vay hm sc}ng thanh phén c6 li do tai
t = 0 bang mot nita li d0 cha day tai
t = 0 va chay vé hai phfa. Hinh 8.1Ga mé
ta s6ng u;(x — ct), con Hinh 8.1Gb mo &
$6ng uy(x +ct). '
Vi hai séng sau kh@ phan xa cling Iiic tai
hai ddu day va c6 quing duong di 1a 2L
thi tré lai vi tof va trang thdi xudt phat -

gy _ Hinh 8.1G
nén chu ki dao dong clia day[a T = —. ‘ :
_ C

Piéu iy phit hop véi diéu kien cong huéng : L = % Véin=1thi A= 2L.

' 2L
Suyra T = —.

_ C .

: L; ; ' _

b) Tai t __:I, mdi séng chay dugc — h - h

oo B 4 _ c. . /2 _3,‘3/2
va s& bi phin xa tai A hodc B. Song chay 1 . O AL
vé bén phai dugc mo ta bang dudng dit S ) T

nét, séng chay vé bén trdi dugc mé ta
bang duong chdm chidm (Hinh 8.2Ga). .
Hinh 8.2Ga cho bi€t dang séng tdng hop ~ ,_y0 {02 h20 B p.

| | _ I ; .
(ciing la dang soi day) tai t = % L
b Hinh 8.2G
5 2h
t,a 6 e
mn __[: L
1

c) V‘l sttc cang T ¢oi nhu khong déi nén cong clia lyc cang T lam soi day dan

ra
. 2 .
A = T{L/t’ # i = L}

2
A:T,EL
57
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. o
Thay T = p::‘2 vao ta dugc : A = ch2 hf

-~ Céong nay:lam tang thé nang clia day. Vay, nang luqﬁg toan phéin cﬁa day khi -
dao dong 1a.;

2¢7h?
B, i
. L

8.l3. a) ﬁ(x t) = acos(wt — kx)

by BB _ 5 4By _

= (.Gd. sin“ (ot — kx
o ax P % )

P = cpmasin (ot —kx)

(Cach khéc : EP':iﬁ=-TsinB§E =~TL&HE}E}—=—T§~E.E-
, S, ' dt dt ©odx dt

= —chi{kasin(mt - kx)}[-—g}ﬂsiﬂ{ﬂ}t —kx)]
= pc’kwa’sin* (ot - kx)
P = pew’asin’ (ot —kx)).

d) Fy(x, ) = -Tsin® = ~ Ttan® = ~ T Eﬂ = —pc*kasin(ot ~ kx)

Taix=0tacé - F, (1) = —pcoasinaot ?

.8.4. a)cu{ iSU
b)‘EP [dx]c

& . ’ZEiE- = pa 2w sin (mt kx)
dx d:( .

E_1 o0

dx 2
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1 ., 1 of2me} 1 a%an’®  2nfAl(TY
Fow —pats sSpi o] e ap—— =
L 2 4 A 2" 22 \p
3 R |
242
§=2nA-T2

— =197 W,

A2p2
8.5. Phuong trinh séng dimg 1i 40 12 u = Asinkxsinot
" Phuong trinh séng dimg 4p suft 1a :
s X 1 du 1, Ao
= — —— = —— Ak cos kx sin ot
e L RTT K
Bién d¢ dich chuyén clia cdc phan tir khi 12 A.
Bién do bicn thién dp sudt I %‘- = 0,1 N/m?.
- _

Suyra A =0,1—
7 K

1 ¢ 0,1.340

A =01 ~ 4,107 m

TPo 27k 21:.103%.105
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b) c¢(min) :}c?'(min} ,

d(cl)_ o
dA :
e g : 2
Suy ra: i--—Z-J'I;:Iﬁ--':ﬂ hay ?«.=2ﬂ;[£—] :
27 A p. * gp

Thay gi4 tri nay ctia A vao biéu thiic clia vg, ta duge :-

v, _ g + 3g _
’ ﬂpg ng
2 — —
\(® 8 s T
1
e
P
C -2 v
87J.an=—; oa=2nv; k=—; L = —
A Y
— 2fnrnv_
c ' =
v do  d@2nv)  cdv _ -edv
& dk d(?fﬁﬂ%’) d(nv) ndv + vdn :
c |
5 - c
£ dn
n+v—
| dv _ }
b) Tir d6 thi : v — vy = 0= ny = 1,001, |
Xét 1an can v : LN tano = LOGE0 mgl,_QUI[ 1 J = tano. = 1,9.107°
dvg 2.10 MHz
. 8 i
. c ' 3.10° 6
ot “}:"tﬂ“a 1,00 + .1,9.10

0o 1600.10°
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- CHUPEO9
9.1. Xem Hinh 9.1G.
° ;’;: = I'cos B’ ‘ I; =iy

' Chiéu dai clia thanh chi co lai theo phuong x

,/l—h——fcosﬁ‘,q‘i—-——. _ o
i Hink 9.1G

L, =1, = smB‘
' L
21, 2
1= + 1 :f'{lw[%]hnszﬁl (<l
&
Il I
i Lm0 o
: 2
X Z—L
; ?2
92, l=Ax =1'1-— =4m
¢
2 2
I' = Axp [l = — = 9,]1 - = (m)
c C

Trong phép do dau (Hinh 9,2_(}3) NQS B thay hai
ddu A', B' clia thanh triing véi hai vach A, B trén”
thuéc mot cach dong thdi. Con NQS A thi lai

. thdy ddu A’ tring v6i vach A trudc, ddu B' tring
vdi vach B sau.

Trong phép do sau (Hinh 9.2Gb) NQS A thdy
hai ddu A', B' ctia thanh triing v6i hai vach A, B
clia thudc mot cdch déng thdi..Con NQS B thi lai
thdy ddu A' tring v6i vach A trudce, ddu B' triing Hinh 9.2G
vdi vach B sau,
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9.3.a) Trong HQC cta thién ha :

5 5
i L - 10" n.c 10 ~10° nam
N v 0,99999¢ U 9999

b) Trong HQC gfm véi proton :

e Cdch gidi 1 - HQC gén vé6i préton 1a HQC ﬂhuyén.d@ng véi van toc v so voi
HQC ciia thién ha (ma ta coi 12 diing yén). Goi At' 12 thoi gian troi trong HQC
nay,tacé: &

[}

. - v?_ 5 ’ ¥ - 542 I 1
A= At - S = 1031 - (0,99999)° 10*[1 (- 110772
- _

: ]
= 1051 ~ (1 = 2.107)2 = 10°.4,5.107° = 450 nam.

o Cach gm: 2

~ Déi véi HQC gan v6i proton thi thlén ha chuyén dong, do dé duong kmh cta
thién ha co lai chiconla L' tacé:

2

D=Ll =Y =10°45.10F = 450n.c
- I,
At = = = 450 nam
v

: ; : o S -
9.4.a) Xét trong HQC hanh tinh : A @ P @B

Khi tau t6i B thi thoi gian di mﬂ"thk. T@L

Pang h & B (va cd ddng hd & A) chi =. ﬁ®v - @“B
Pong hé trong HQC chuyén dong cua e - %i
et GO
con tau thi chay cham, nén chi — W4, G L .
' v T

(Hinh 9.3G). - _ Hinh 9.3G
236 | |
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b) Xét trong HQC ctia con tau :
Céc hanh tinh chuyén dong véi van téc —v

- , X A <—-.1' *B ..o
va cdch nhau 1a L' = —. Khi dong hé A . i T
e O G
chay ngang qua T thi hai dong h6 A va T. — g S
déu chi s6 0. Nhung déng hé B & diing - i o
sau chay nhanh hon (hiéu tng 4) nén da S
bl 2 ¥ B ngang qua T thi thdi 3 @v ‘
gian di mﬁt,m}i- - L Dfi;]g hé T chi L ]%
| L o Al - S -
Hinh 9.4G). Nhung thoi gian tron
( ) & < 8 8 - Hinh 94G

9.5.

9.6.

HQC hanh tinh troi chdm hon, nén thi:‘j’il

gian di 12 % va déng hd Behila:
k>

v | L L[vi 1] i
v
Thai gian song riéng cia h-a.[ muyon 1a At' = 2,2us,
Thdi gian tuong ting do trong HQC phong TN Ia :
At =7yAl =15,595 pus

Quang dudng di dugc cho t6i lic bi phan hity 1a: AS =vAt=4,632 km.

a)L'=100m
L = = = 10041 - (0,85)% = 52,68 m

Y .

byt == 2298 o 0561077 s,
v 0, 8553 |
¢) Goi HQC Trai Dat 1a HQC ditng yén, HQC } YER
~ gén véi tan (1) 1a HQC chuyén dong. Van téc i T

cha HQC nay 1a u. Van téc cla tan (2) la —u - O'j—i
(Hin‘rrl 9.5’(}). Van tdc cua tau (2) doi véi tau (1) la HQCTD
V51 = u'. Ap dung cong thiic cong van tdc ta viét :

Hinh 9.5G
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. Tl P - -0,85¢c — 0,85¢ _ —0.987c

L 1+ (0,85)°

9.7. Ap dung Cﬁ-ﬁg thie cong van toc :

E_'I,;c: -V :{]“0,5{::#015(:-
Vi, - 1-0

ul, = ¥ = 0,20c41 — (0,5)% = 0,17c

u. . :
tano = —~ = 0.17¢ =-0,34
. u! : ""D,-SE
x e
a=161,2°
9.8. Xem (Hinh 9.6G).

'HQC gin v6i A 1a HQC O' chuyén dong v6i van t6c ¥, so véi HQC 0. Goi @
va U' 14n luot la van toc cha tén lira déi véi HQC O va HQC O'.

Theo cong thic cong van t6c taco:

u' 4+ vy v + 0,50¢c - vA . Ay
u = = =
‘u'vy 0, 50c.v
] += i+ 3 L e
' C C Y B .
. - . ; "l A B
Diéukien dé tén ltagapBla:uzvg. o O >
% Hinh 9.6G
Suyra: L-E’-S—UEEG,?Sc = v 2 0,40c. | "
0,50v
1+
c
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9.9.a) D6i v6i NQS C :

2
]"A,

5
| L 32 4L
- TB 3) 3

_Lat+Ly 7L
VAVp, , C

(3 N

c

b) Dai véi NQS B, th1 tau A chuyén dﬁng v6i van toe: Ia Va,p dp dung cﬁng

thie con g van toc, ta Viét :

VA/B =

i
T : -
o B
Suy ra : = :
uy ra tg §E
- 13
9.10. Xem (Hinh 9.7G).

Chon truc x huéng theo ¥, va goi (0) la HQC
phong TN, (0’).1a HQC gin véi A. (O) chuyén
dong vdi van t6c —u so v6i (O') (Hinh 9.7G).

‘Trong (O}, ha[ Bcovantdcla: '

v, = vcosO ; vy = v.sme

Trong (O), hat Bco van tée la : v, 5 vy

4

Hinh 9.7G
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Ap dung cong thic cong van toc ta viet :

veos® —u - c2(vecos® — u)

v = - o
Ty 3
T uvcosB c? ~ uvcosH
. Cz ‘
.- 2 . '2
. u - 5
~ ysin@ - —  c*vsin®, [l - =
2 gl 2
‘."' —_ , c = : 3
Y~ uvcosB ¢ — uvcos®
- c-z -. .
; cvsinﬂﬁcz *'112 -
Wy =3 | L

c” —uvecost.

' 3 . Gy 2
o' = v.§+va=c1_(ﬂ u”)(c
' | (c

2 . uvcos 9)2

. Vy vsinByc? — u?
==
X

c(vcos® — u)

9. il. GDI HQC O 12 HQC Chuyen dﬂﬂg vél van téc clia
NQS (Hinh 9.8G). Theo phép bién d8i Lo-ren-xo ta vtét

Ax = y(AX' + VAL) = T(e’f‘.}i + ()

At ﬁy(m +E~£};—):T({J+ v&;]
C c

vyAX'  VAX
Suyra: At= =
d c? c?
' 2
vV = gl 2 9.10" m.r"s
AX

9.12. a) Cdch I : (Dung phép bién ddi Lo-ren-x0).
NQS A dimg trong HQC O : Ax =0 &£-= 1.10°%s
NQS B diing trong HQC O': At =2.10s
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Al = y(At — vAX) = YAl
LAt

=2
Y At
1 W3
"}r‘: :2 =V o= ——
5 gl | 2
Sy
c
AX' = y(Ax — vAL) = {0 e £E l{} J"—‘_—-'SZU m.:

Cdch 2 : (Ding bat bién k%io_ﬁng) |
AS2 = AS? = AxE - PAR = Ax 2 = cPAr?
= A" i=c (az'zéat ) =3c¢%(107%%
»\x = 52[} m.’

\rc: : : : ' Cct A " ef

b) —
9.13. 'HQC O' ¢6 truc x' di qua diém (x, cf) = (2, 1)
(Hinh 9.9G.). Vi moi dlém trén truc x' la dﬁng b /.ﬁ’
thi (Edi t'=0) nén : o X ELEE ;/
2 - | [ SRS SO pell S
. .
tanf = ~ = — :w:lc. _ o~ i
& 2 k% S AT X
| g RO e s . 0=0 2 X
9.14. a) Dat diu tréi cua thude tai goe toa do cua :
HQC O'. Céc dudng vl tru cia hai ddu thuée - v Himhase

- duge chi trén Hinh 9.10G. Trong HQC O' thi
khodng cdch AC bang Im vi phép do trong
HQC O' x4y ra tai cliing thoi diém t' = 0. Mot

. "1+[3:2 .
don vi do dai cua x bang [3 don vi d-:j
dai trén to gidy va bang dr:-an AC. NQS O do
do dai clia thude bing cach ghi toa do x cua

hai ddu thudc tai cung thai diém (t = 0). Nhu
vay n6 do hai ddu thudc tai hai diém A va B.
T gianddtacd: . . Hinh 910G

A B D

16. BD... CO' HOC 3-A
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AB=AD - BD
= (AC) cost - (AC)'sinﬂianﬂ

<k jﬁu tréi :..;,t' -
| o
= (AC)cosB.(1.~ tan’0) u phéi
1+ B> .- .-1-
N1-8° J1+p?
S AREd=R., .

b) AB = 1m (Hinh 9.11G)

AE = e l+[32'
cos 6 . g
o e .. - AB 3
(AE) c6 do dai rong HQCO' AL = —p—== = i—-p°.
- 1+B2
1 - p?

ct 4 ct'

9.15. Xem Hinh 9.12G.

L4y mot diém P trén dudng vil try cla vat.
Goi toa do ciia diém P trong HQC O 1a (x, ct),
trong HQC O' 1a (x', ct').

_ x": Vltl = ﬁ1Ct1_ = B]a

Trong HQC O, diém A c6 toa. do (asind,
acos8), diém P ¢6 toa do (asinb + Biacnéﬁ,

Hinh 9.12G

acos6 + (,asinb)
o
t

X _ sin6+ B, cosb _tan6 + B,
ct cosf+fsin® 1+ptand

: u
u= = — =
c

I -V - v s h
Thay tan® = —= va p, = — vao ta dugc :
. |

c
VitV
he lvvi
1+ 5%
C

242 - 16, BD...COHOC3-B




9.16. a) HQC O : Su f{i@n 1 (phat xung P)) (x; =0, t; =0).
Su kién 2 (phat xung P;?) (X, =03t =%).

: HQCD' Su‘klﬁni (Kl —% i 1 = (J)
Su kién 2 (x'?_, t)

Xg = Y(X5 + v_t‘z_)

0=7(x3 + vty) = %5 = -ty

o f '
. 3 VX, P
tz =Y t2 + “‘—'2—

\ k |
o ; '
T =]t - EEEJ ="ft'z(1-1§—}
. c” c
()
ixéﬁmw%l'

Nhu vay trong HQC O' s kién 2 xdy ra & dia diém x, = —w% va tai thoi
diém t, = v%. | |
b) Goi T' I thdi diém ma NQSO nhén duoc xung Py, ta c6
C'=vT + ‘ | =% + 2=
C

Cc

v
1+~
c

%*éﬁ(ui}:% (T'>%)

c -\1—~
Cc

c) % va % chinh la chu ki phat xung 4nh sdng ma hai NQS do dugc trong hai-
HQC OvaQ'.Dodotacod: :

s - B —
f_ ~f 1+_i3 (vé'lﬁ-c)
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9.17.-a) Goi f;, Ia tdn s6 tin hiéu phét di boi con tau, f; 14 tdn s6 chia tin hiéu ma Trai e ..

Pit nhan duoc ; f, 12 tdn s8 clia tin hiéu phan xa ma tﬁu nhén duoc. Ta ¢6

. "Ia 13 ]. - 1—
N T %1/1T I = 11’1+

Suy ra : fszﬁ[ ﬁ)=—fﬂ :;-v_3c.

L+p

b) Xét trong HQC O cfia tu : Goi Ly 1a khoang chch Trai Dt 8t i kit
Tréi Dat nhén duoc tin hiéu :
2L, . cAt' 40

A== =L, = = = 20c
v ' 2 2 .

¢) Goi A 12 sy kién tin hiéu gap Trdi D4, B 12 su kién tin hidu gip lai tau. Ta c6

HQC O cha Trii Bﬁt{ ®a A
. : B(KB ;tB)

. A (xy =~20c:t
HQC O' ciia tau G A) |
: B(xB=Ci;,tBj:tA+'20} ,

Ry = y(Xy+Vih) =0 =ty = —2 = = 60 s.

tg =ty + 20 =280s
: r . c
Xp = Y(Xg + vig) = yvlg = ?5.30
1

Thay ¥y = —= = %-vm}, taduge : xg = 2042¢.
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9.18. a) Theo dinh 1uz;it bao toan nang luong : ';-'mr::2 =E; +E,; (1

~Ap dung dinh luat bao toan dong lugng theo phwong x

ﬂgmv—&ﬂ&%ﬂ . (2)

Tir (1) va (2) suy1a - __
= By = va E, = - - |

. B c+.v'- cC—V
'P1=—'}‘=?m[ 5 ]v?.iljz_—c . 20 )_

C 2 :
b) Xem (Hinh 9.13G). A o
yme e

Ei = EE s 2 . ﬁ/ | \\\ )

- ' i L ;_z»p

" E+ yme \%1\ ”/"__" |
pl =i pz. —! --l- — - —-. . ) | -:1
& C 2 - -4

9‘.19. f&p dung 'dinh luﬁ_t' bao toan dong luong : Hinh 9.13G

-]

Py +P, =
:?I_S"i _Pz"ﬂpl P2 =P-

Ap dung dinh luét bao L{:nan naﬂg luong : E{ + EE = Mc?

Jpc +m1‘3 +\/pc +m2c =Mc'

szcz + (ml2 + m%)c4 = ZJ(p + mlc }(p ¢ + m2c4) = M?c*

2 _ [(M? — (m, + m,) ][M2 - (m; — mg)]c
| 4M? | |

=P

efIM? = (m; + my)JM? - (m; - m,)?]
M

= p=
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19.20. a) E = mc? = (1,67.107)(3,00.10% = 1,50.107'%

- ,50.107 o 1,50.1077
16107 1,6.107%.10°

MeV

— E=1,50.10"%J =939 MeV

b)'E=?mc2=:wy=53= ]

| [
o

V8¢

=5 V= T: 0,943c

OK=(y- 1)ﬁ1c2 =(3-1).939 = 1878 MeV => K ~ 1880 MeV
B = i + m’c* = (3mc?)? = p=2657 ~ 2660 MeV/c
9.21. Vi pi =—pP,=>P=p1+ P2 =0. Hat tao thanh ding yén.
| Ap dung dinh luat bdo toan nang luong : Mc” = 2}-"‘[1’1(:2, vy = e
c

u
2

2m

,ﬁ_— S
c

Trong va cham nay khéi lugng cha hat méi 16n hon khéi lugng clia hai hat tao |
- thanh né. Phan nang luong tuong Umg voi phédn tang khéi luong cla hat méi
ddng bing phdn dong nang cua hai hat mét di sau va cham mém. That vy :

= M = (M > 2m)

(AM)c? = (M — 2m)c? = 2me*(y - 1) = 2K. C B
9.22. Xem (Hinh 9.14G). | | } S
é ' s Pt
a) Ap dung dinh luat bao toan dong luong : 2 E
Pr=gve | Hinh 9.14G P
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= =
p, = psinf _p : c?

{p} L. pCOSB 2 hﬂf‘z + h2f|2 '

:}p2c2=h2(f2+f'2) (1)

T‘leo dinh luat bdo toan nang luong ! thf + mc” = hf* + J pic? + m2c4

’I‘hay (I}vao ta ducsc = f[l + l}_f_]

T!'l\f.:‘-2

:

b) Khi hf <« mcz,taduqc: f'r—sf; p= Jill-t: « 9 =45°
9.23. ) Xét trong HQC phong TN :

Pong luong toan phin cta hé 1a: p = py = SmyC

Nang lugng toan phﬁn clahela:

Bi= Jpc: +mc +mc «f—mc +7mc

Hé coi nhur 'm@t hat chuyén dong v6i van téc 12 van t6c cia HQC khoi tam

2
C
V'=p.,

i JEESCH =0413% ()
b) Xét bit bién E* - ngi
Trong HQC khéi tam :
E? - p’c*=E®
(¥ dong lughng todn phin cia hé bing 0)
E? = B2 « pzu::_2
o (Jﬁ -+ 7')"“3:‘34 _ 25mic4 N (14J2_6 . Sﬂ}mic‘*

= B’ = 11,02m c*
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) Br+Bp=0=pr=-p,

Pp = _‘_Tﬁmpv[} = Pr = YcMpVg

"1"11&}I Vg tu(l}vao ta dum: P = 3 I?rn B .

Chii y : Theo quan niém ci, khéi Iuong ctlia hat mézdn 7 khi chuyén dong 1a
ymy, Vi th€ méi viét 1a :

v = —E = 0,41c
24 ’}"p.n e o I'Hp . "

9.24. Xem (Hinh 9.15G). | }' -hfﬂ v=0  hf,

—Tim coéng thic E 'ymr:: N | , ‘%W
 Xét trong HQC O ma hat diing yén, . T
Theo dinh luat bao toan nang lugng : | | Ve b < b,
EO._:Eljfd::«hfgz% ]% . % .
O X

o Xét trnng HQC O' ma hat chuyén dﬁng

1+ " Hinh 9.15G
E =hf, + h nhf [ + hf, [ —
' o hian "Wi-p I+
E:Eﬂ ' = 1B,
; E_B? ,

Tim Eg khi v < c.

K=E-Ey=Eyy-1) = B, [1'—"—2) 1]

2
i"z —lmvzz:»ﬁn me’ vaE = yme”,
c

rK =
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~ Tim cong thitc p = ymc”>.
e Trong HQC O : Ap dung dinh luat béo toan dong luong :
Ggr = - hf,
Bi+Pa=0=p =p, =po ="

° Tr{}ng HQC 0':

o
[ - 1 + C l'_Bz 2¢ ]'_,,.,BE: il :

p =ymv.
S5, W et F T 2 B i sl e N B (1)
' L+M ' : : 5 1
a 1 Cz- ¥ .
E'=y,mc® va p' =y, mu' . @
E:?Umcivépzyumu' | o - (3)
Timy,: 'Tu=;-""———-—~l--*--——
1 _ 2 | . 2
’ ] i H_ E.. + }.F_J
c? ' (C C

L u i
bit x = — vay =—, taduoc:

c
1+ xy | u'v
Ty = F——m————— = Tu'"."v[l + _3]

N =X - y?)
Thay vao (3) ta duoc : |

uwv e |
E = }ru-*fu[l + ijc

ke
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Sfr-dung E'va p' tir (2) va daty, =y tadugc :

=y(ﬁ‘+vp') : b
P T(P +E§~] a* 4)

9.25. Trong HQC mat dat (HQC O) : Goi p vaE la dong lm;,mg va néﬁg luong cha
photon téi.guong ; goi p' va E'la dong lwong va nang lugng ctia photon phan
xa. Trong HQC gén véi guong (HQC O') : ,

Goi B, va E, 12 dong luong va niing lugng ciia photon t6i guong ; By va E; 12
: - dong lugng va nang luong ctia photon phan xa : |

P =?[P~f§} vffip=-—E£véE=hf__
=R C c )

hf v hf
=Y [——- —.ﬂhf] =-y—(1+p)
. : C 'C C

1 hf .
pp=-p=7y—10+H

C
E'= pic =vhf(1 + )
.l % . l ’
P ?T[Pt +E‘§‘P]¢):TP1(1_+[5}.
p'=y(l+ ﬁ)"f'—‘}ﬁ +B)

L. if v+ B) ::»f'_f( dﬁ'}

_C

i

E'-=E(1+B}
I'~§

Cdch 2.+ Guong 1a mdy thu, photon téi mdy thu f = f

1+ B
1-p°
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Phéton phan xa trén guong :

+ B
I-B

Gu’o‘ﬂg la nguﬁﬂ phat photon phan xa. Do gmmg lai gﬁn NQS nén ta co :

£rogf 1+§3_f1+[3
W1-p (1=

f, =1 -f

Ning lugng cha photon phﬁn xa: E'= hf[l i ﬁ}.

J =P
| Et
927, P=R: pﬂFIr;:-’fmv Bl
dt : thz'
) 1 +
I'I'iEIL':2
t i‘.. 2,3
me F°t
X = jvdt = —|,]1 -1
- 25
0 s dp - my v B ;
928.a) F=—=Ft=ymV = —— => —= 1
CZ
; 2
g 2
F=E=;Fx='(y—1)mc2:>1i-=1 _(_.EELZ_} @)
dx ; ¢t Fx + mc

Tit (1) = 2), ta viét :

: : I 2 2 .
thz : mcz - mc || Fx + rm::2
Wi el ! 3] = t= - W
m“c” + F°t ~ | Fx + me K . me

b) Theo dinh luat bio toan dong Tuong : ymv = y,Mu (3)

Theo dinh ludt bao toan nang lugng (y + Ijﬁm2 = YHMGE (4)
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= u= = =
P 1‘—V—Z~+1
C i
oy = ':1'2$ I
c

Thay vio (4) ta duge ;-

M
'?u_

9.29.2) F= %(vm?}; _"IPE'—B;J,
(1= p%)2

F=y’ma

P

T
byac &V _ 4B _ F
dt dt. ?'3111
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F

c)a' = — = 'y?‘a = const
m '
.d)T’hacc&ub)cE@n A
dt ,r3m ,Y}

-Ap dung hiéu ting v& sy dan n& thdi giah dt = ydF ta viét :

9B
’}'d%- .'}._'3
[] 2 :E"T
- tanh B-— -
Suy Iaﬁ—tdﬂh( %] hay v(6) = ctanh[ %]
¢ c
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